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PREFACE 

This document contains the results of a study of the requirements 
for a biotechnology laboratory for manned earth orbiting missions 
in the 1970*8. The results are presented in two volumes. 

Volume I contains descriptions of the life sciences research 
programs and the associated laboratory equipment requirements. 

The objectives and corresponding information needs of these 
research programs were prepared on the basis of the results of 
past studies and in collaboration with the NASA and the scientific 
community. While these objectives are not to be construed as an 
official statement by NASA of life sciences space research goals 
in the 1970 f s, they do represent a consensus developed under 
the cognizance of NASA OART, OSSA, and OMSF*. These goals 
served as a reliable basis for the selection of representative 
experiments in each research category and the subsequent 
establishment of laboratory equipment requirements. Volume II 
contains brief descriptions of the experiments upon which the 
requirements analysis was based. 

The study has resulted in the identification of more than 
100 major items of laboratory equipment which will be required 
in manned Earth-orbiting laboratory life science research pro- 
grams. Many of these items were found to have multiple appli- 
cations, while others are required only by a single experiment 
in a narrow research subcategory. In addition, an examination 
of the availability of the equipment showed that development pro- 
grams of some magnitude will be required before the equipment 


^National Aeronautics and Space Administration Office of 
Advanced Research and Technology, Office of Space Science 
Applications, and Office of Manned Space Flight. 


iii 



will be suitable for space applications. The results of this 
study provide information to support the planning of the neces- 
sary equipment development programs as well as the life 
science research programs for individual missions throughout 
the 1970 f s. 

The study was performed by the McDonnell Douglas Astronautics 
Company— Western Division (MDAC-WD) for the Biotechnology 
and Human Research Division of the Office of Advanced Research 
and Technology (OART). The work began in January, 1968 and 
was performed in accordance with contract number NAS7-518. 

The work on this study was performed by MDAC-WD personnel 
from two departments: Advance Biotechnology and Power 
Systems, Dr. K. H. Houghton, Chief Engineer; and Advance 
Space Stations, F. C. Runge, Program Manager. The study was 
managed for NASA (OART) by R. W. Dunning, and for MDAC-WD 
by L. Tv Kail. 

Throughout the study, the MDAC-WD study team worked closely 
with NASA Headquarters personnel. The study team members 
and their NASA coordinators were: 

Study Team 
Bioscience - 

Dr. W. H. Lawrence, Jr. 

Biomedicine - 
Dr. W. F. Arndt, Jr. 

Behavior - 
J. D. Brower 

Life Support Systems - 
T. C. Secord 

Other MDAC-WD personnel who made significant contributions 
were J. S. Seeman in the area of Behavioral Research and 
M. M. Yakut in the area of Life Support and Protective Systems 
Research. 


NASA Coordinator 
Donn K. Jenkins (SB) 

Dr. E. J. McLaughlin (MM) 

Dr. S. Deutsch (RBM) 

A. L. Inglefinger (RBB) 
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Questions or comments concerning this report will be welcomed 
by either of the individuals Listed below: 


• Mr. R. W. Dunning (RB) 

NASA Headquarters 
Washington, D. C. 

T elephone: 962-0036 

• Mr* L. T* Kail 

McDonnell Douglas Astronautics Co. 
Western Division 
Huntington Beach, California 
Telephone: 897-0311 
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Section 1 
INTRODUCTION 

NASA has performed or sponsored many studies, the objective of which was 
the definition of life sciences research that must be performed before man 
can venture confidently into space. Other studies have explored that research 
which could take advantage of the unique weightless environment available in 
space missions to increase our understanding of life processes. This activity 
has included many studies in the various fields of life science and has 
resulted in the identification of various research objectives and the equipment 
needs of associated experiments. An examination of the results of these 
studies has indicated that extensive research and development would be 
required to provide the laboratory equipment needed to perform such life 
science research in Earth-orbiting laboratories. Since the individual studies 
performed to date have been limited to either a single life science field, or a 
part of that field, a need arose to develop a plan for an integrated program 
which includes all of the required research and takes maximum advantage of 
equipment commonality. The objective of the study presented here was to 
expand and incorporate the results of past studies, into an all-encompassing 
life science research program (gap-filling as required) to identify manned 
Earth-orbital life science laboratory equipment requirements for the 1970 1 s. 
Another objective of the study was to identify and integrate requirements that 
are common to the four life science research fields of biomedicine and 
human research, behavior, bioscience, and life support systems. 

To orient the reader, an elementary sketch of a concept for a biotechnology 
laboratory as part of a multipurpose space station is shown in Figure 1-1. 

The individual equipment items required in the ’laboratory area” are 
described. The centrifuge shown relates to requirements of experiments 
considered in this report and represents another program currently under 
study by NASA for life sciences research. This study has addressed itself to 
the total research activities and equipment encompassed by such a laboratory. 
The results of the study provide a basis for further definition of a facility. 
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Figure 1-1. Space Station Biotech Lab Concept 


In the preparation of this report MDAC has endeavored to provide a document 
which will be used as a reliable reference by personnel engaged in life 
sciences activities in space in particular, and by those involved in space 
program planning in general. 

Program managers and mission planners are referred to the biotechnology 
research goals and the program recommendations in Section 3. The research 
and development requirements and the program planning suggestions in this 
section will be of particular value. 

Research scientists who are interested in the detailed description of the 
research programs, and the methods by which they were assembled will find 
such information in Section 4. The manner in which a special field of research 
fits into the total research goals is also presented. The measurements 
associated with the experiments in each research subcategory are also 
discussed. Further details concerning each of the experiments is presented 
in the experiment summaries in Volume II. 

Space laboratory design engineers and others concerned with planning and 
studying the accommodations of life sciences experiment programs in such 
laboratories will find complete lists of the required experiment equipment in 
the matrix charts in Section 5. The commonality of equipment which is 
graphically displayed in these charts will permit experiment program planners 
to modify the experiment programs to take advantage of equipment which has 
broad application. The power, weight, and volume requirements of each 
item of equipment, as far as they could be determined, are summarized in 
Section 7. 

Supporting research and technology planners are referred to Section 7, in 
which each item of equipment requiring development is listed. Current 
development programs which include these items are identified where 
applicable. The matrix charts, showing the commonality of equipment 
throughout the experiment programs will assist in the selection of equipment 
which requires development emphasis. 
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The space station for the mid 1970's, in which a large portion of the research 
outlined herein will be performed, is currently in the candidate configurations 
study phase within NASA. Therefore, this document will provide a coordi- 
nated (OART, OMSF, OSSA) reference for the forthcoming Phase B space- 
station studies and will ensure the proper integration and support of the 
biotechnology laboratory in the space- station configuration. 


^Office of Advanced Research and Technology; Office of Manned Space Flight; 
Office of Space Science and Applications. 


4 



Section 2 

STUDY APPROACH 


The objectives of this study were (1) to correlate space-based life sciences 
research goals for the next decade and (2) to identify the laboratory require- 
ments for conducting, in a manned orbiting space station, the experiments 
which are representative of that research. 

In reaching these objectives, MDAC followed a modified version of the 
"top-down analysis" approach which was successfully used by the Company 
in recent NASA studies in astronomy, oceanography, and meteorology. The 
initial step in these previous studies involved the identification of the overall 
research objectives. This was followed by an examination of the objectives 
to define those which require or use space-based facilities. The final step 
was the development of an orbital experiment program which included the 
required instrumentation, facilities, and operational support. 

The first objective of this study was accomplished by performing the first 
two steps during which we relied to a considerable extent on past NASA and 
contractor work. Since the reports dealt almost exclusively with space- 
oriented research, it was not necessary to review research objectives which 
were not space related. Further, the development of a representative orbital 
experiment program was accomplished by selecting, again from existing 
literature, the experiments which were considered to be responsive to the 
information needs of each research category. The analysis also indicated 
research requirements for which there were no proposed experiments. In 
these instances, the study team prepared possible experiments so that the 
required measurement equipment would not be overlooked. 

In reaching the second objective of the study, MDAC analyzed the selected 
experiments to identify the necessary measurements, laboratory equipment, 
and support equipment and to ensure that the equipment requirements were 
indeed representative and responsive to the research needs. 
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An Experiment Requirements Summary was prepared for each experiment 
analyzed* Matrix charts which illustrate the commonality of measurements 
and the commonality of equipment were prepared for the representative 
experiments in each of the four research areas of biomedicine, behavior, 
bioscience and life support, and protective systems. 

i. 

Each major item of required laboratory equipment was described briefly. 

In cases where equipment designed for space use could not be identified, the 
study team listed ground-based equipment in order to indicate the nature of 
the requirement. 

At the end of the study, the MDAC study team made suggestions as to how 
the identified research programs might be carried out. Because the making 
of these suggestions involved the assignment of research priorities, the study 
team realizes that these suggestions are open to criticism. However, the 
intent of these recommendations is to provide a reference upon which future 
research in manned space missions may be based. 

In summary, the approach to the study was based on four basic tasks: 

1. Extracting research goals from existing life- science literature. 

2. Structuring research programs. 

3. Selecting experiments which are representative of these programs. 

4. Identifying laboratory equipment required by the representative 
. experiments. 

The following sections present the detailed output of this effort. 
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Section 3 

RESULTS AND RECOMMENDATIONS 

The life sciences research program evolving from this study is summarized 
in this section to provide an overview of the total program scope before pro- 
ceeding to the details of the individual areas (Section 4), In each individual 
area, consideration of the desirable sequence for performing this research 
has led to recommendations concerning the implementation of the biotech- 
nology laboratory program. These recommendations are discussed in the 
second half of this section. 

3. 1 LIFE SCIENCES RESEARCH PROGRAM SUMMARIES 

Briefly, the Life Sciences research goals defined for manned space missions 
are as follows: 

L Obtain an understanding of man's reaction to long-term exposure to 
the space environment. 

2. Study the effects of the space environment on living organisms and 
increase our understanding of life on Earth. 

3. Advance the technology for support of man in extended exposure to 
the space environment. 

Research necessary to achieve the first goal is discussed under the separate 
headings ’’Biomedical and Human Research" and "Behavioral Research". 
Despite the intimate relationship between these two areas, they were treated 
separately to provide equal emphasis during the study and to permit ease of 
reference by specialists in each area. Under "Bioscience Research, " the 
activities necessary to achieve the second goal are described. In "Life 
Support and Protective Systems Research, " the research necessary to achieve 
the third goal is described. 

The research programs prepared in this study form a firm base for planning 
space research in life sciences for at least the next decade. Results from the 
experiments described should answer most current pressing questions and 
raise others which, in turn, will give rise to further research. 
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There is no doubt that one of the most important current questions concern 
man's reaction to long periods in space; therefore, research in the areas of 
biomedical and behavioral research will receive the highest priority in 
mission assignment. Bioscience research which will study life processes in 
the weightless environment of an Earth- orbiting laboratory holds significant 
potential value in contributing to a fuller understanding of those life processes 
on Earth. The development of effective life support systems is, of course, 
the key factor in all space research programs involving man. This develop- 
ment requires not only system and component testing but also research in 
the associated basic technology. The ability of the crew to maintain this 
"hardware" system in the space environment, the reaction of the crew to the 
atmosphere provided, and the analysis of microbial products which may 
develop in the space station ecology require the facilities of an integrated 
laboratory if the life support system research is to be effective. 


It is recommended that the biotechnology laboratory provide facilities for 
research from each of the areas of biomedicine, behavior, bioscience, and 
life support and protective systems. 

3.1.1 Biomedicine and Human Research Program Summary 

The biomedicine and human research program presented in this report is 
composed of 55 representative experiments on both human and animal sub- 
jects. The established program goal is to qualify man for long-duration 
space flight. The specific objectives within this goal are those stated by 
NASA and discussed in Section 4. By using these objectives as guidelines, 
it was possible to organize critical research areas or "information needs" 
which were identified in a variety of previous studies into 10 different func- 
tional body systems. Experiments which appeared to satisy the information 
needs were then selected and reviewed, and then were consolidated to achieve 
economy of operation. In a few cases where no experiments were located in 
the literature, protocols were specifically designed to fulfill the needs. 
Finally, each experiment was analyzed to determine the required measure- 
ments and equipment. Table 3-1 presents the basic organization of this 
biomedical program and shows the distribution of experiments. 
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was analyzed to determine the required measurements and equipment. 
Table 3-1 presents the basic organization of this biomedical program and 
shows the distribution of experiments. 


Table 3-1 

BIOMEDICAL-HUMAN RESEARCH STUDY PROGRAM OUTLINE 


Number of 
Experiments 
Man Animal 

Neurologic function 

'# 

Vestibular function 

2 

1 


Circadian rhythms 

- 

I 

Cardiovascular function 

C ardio vas c ular dec onditioning 

5 

- 


Deconditioning countermeasures 

3 

- 


Homeostatic mechanisms 

2 

1 


Blood volume 

1 

- 


Verification of measurement 




techniques 

- 

1 


Vascular collapse 


1 

Pulmonary function 

Ventilatory mechanics 

2 

- 


Pulmonary efficiency 

1 



Pulmonary disease 

- 

3 

Gastrointestinal function 

Function and motility 

z 

- 

Renal function 

Renal physiology 

1 

- 


Renal pathology 

- 

2 

Nutrition - -metabolism 

General metabolism 

1 

- 


Specific metabolites 

4 


Musculoskeletal function 

D e c .ale i fi c atio n 

1 

- 


Work capacity 

2 

“ 


Bone pathology 

- 

2 

Endocrine function 

Stress effects 

1 

2 


Thermal regulation 

1 

- 

Hematological function 

Cytogenetics 

1 

- 


Cell dynamics 

3 

2 


Coagulation 

1 

- 


Tissue pathology 

- 

1 

Microbilogy and 




immunology 

Ecology 

4 

•- 


Totals 

38 

17 
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3. 1. 2 Behavioral Research Program Summary 


The behavioral research program defined in this study was based on current 
and future NASA program requirements and a critical review and evaluation 
of the information needs, research categories, and experiments cited in the 
literature. In general, the literature concerned with measurement and 
evaluation of man's reaction and adaptation to the orbital environment and 
his ability to perform meaningful tasks for extended periods of time. 

During the study, a structured approach was developed which consisted of 
the following: * 

1. Determination of information needs. 

2. Establishment of research categories and description of experiments 
responsive to the information needs. 

3. Development of a plan for implementing the research program. 

The program is summarized in Table 3-2. 

3. 1. 3 Bioscience Research Program Summary 

The goal of the bioscience research program described here is to increase 
our understanding of biological mechanisms through the study of various life 
processes in the unique environment of a weightless, orbiting space labora- 
tory. The program is composed of 50 experiments utilizing 19 different plant 
and animal subjects that vary in biological complexity from single-cell 
protozoa and bacteria to primates. This program was developed by selecting 
representative experiments from a variety of sources. The American 
Institute of Biological Science (AIBS) Report of December 1967 provided 
guidance in the matters of priority research areas and effective utilization of 
experimental subjects. 

The entire program is designed for the performance of basic rather than 
applied research and is structured around nine research objectives. Of these 
objectives, seven were recommended by the AIBS report and two were added. 
For each research objective, several research categories were defined, 
based on the classes or organisms which the AIBS suggested as most suitable 
for research related to a particular objective. For example, with respect to 
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Table 3-2 

BEHAVIORAL RESEARCH PROGRAM SUMMARY 


Information Needs Research Category- 


Experiments 


Man’s Capability to Mission activities 

change his 

environment 


Effects of the Basic behavioral 

environment on man integrity 


Effects of man - Habitability 

hardware - environ- 
ment interactions 


Accessibility 

Communication and Recording 

Mass Translation 

Monitoring and Observation 

Orientation, Stability, and 
Restraint 

Personnel Translation 

Restraint and Gross Force 
Generation 

Restraint and Fine Force 
Generation 

Auditory Function 
Chemical Sense Function 
Higher Mental Function 
Orientation Senses 
Psychomotor Function 
Somesthetic Function 
Visual Function 

Clothing 

Food Management 
Hygiene System 
Interior Design 
Interpersonal Factors 
Intrapersonal Factors 
Work-rest-sleep Cycles 
Recreation 
Volume and Layout 
Waste Management 
Water Management 
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the biorhythm research objective, three research categories are defined: 
vertebrate, invertebrate, and plant. Representative experiments were then 
found which were responsive to each of the research categories. The total 
program is summarized in Table 3-3, which shows the number of representa- 
tive experiments in the applicable research category and the related research 
objective. 

The resulting program provides broad capability for bioscience research by 
including the necessary equipment and environmental control systems to per- 
mit a wide variety of investigations beyond those specifically programmed. 

In the formulation of this program, it was recognized that exobiology and 
remote sensing of terrestrial life were additional significant aims of the 
NASA bioscience program. However, these areas were eliminated as 
inappropriate to a manned Earth-orbiting laboratory because of the constraints 
imposed by Earth orbit and because current or projected technology makes 
them unrealistic goals within the general time-frame of this laboratory 
program. 


Table 3-3 

BIOSCIENCE RESEARCH PROGRAM OUTLINE 


Research Objectives 

Research Categories 

Vertebrate 

Invertebrate 

Plant 

Microbial 

Cellular 

Behavior 

3 

5 

_ 

- 

- 

Biorhythms 

2 

2 

2 

- 

- 

Genetics 

1 

2 

- 

3 

- 

Geosensitivity 

1 

1 

2 

- 

1 

Hemodynamics 

1 

- 

- 

- 

- 

Metabolism 

2 

3 

2 

1 

- 

Morphogenesis 

2 

4 

4 

- 

- 

Parasitism 

- 

1 

- 

2 

- 

Reproduction 

2 

1 

? 

- 

- 
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3. 1. 4 Life Support and Protective System Research Program Summary 

Flight research in life support and protective systems (LS/PS) has as its goal 
the advancement of the technology that will support man in long-duration 
space flight. As a basis for structuring and analysing this research, the 
study team established three research objectives: (1) flight qualification 

and/or verification of integrated life support systems, (2) flight qualification 
and/or verification of subsystems and components, and (3) research in the 
basic technology which will lead to system development. 

The inclusion of equipment-development programs in a life sciences research 
program may be considered by some as an unusually liberal interpretation of 
the word "research. " These activities, however, are essential to the 
accomplishment of the goal and "therefore are included in the research pro- 
gram structure. The research and/or development activities associated with 
systems, subsystems, and components were identified by examining the 
related functional requirements. The resulting research program is shown 
in Table 3-4. At least one representative experiment associated with each 
functional requirement has been described. The analysis of these experiments 
has provided the details of equipment and support requirements which are 
described in later sections. In many instances, several approaches to a 
functional requirement are known to be under consideration. Each of these 
has been identified in Section 4. 4. 


Table 3-4 (page 1 of 3) 

BIOTECHNOLOGY LABORATORY LIFE SUPPORT AND 
PROTECTIVE SYSTEM INFORMATION NEED 


Research Objective 

System or Technology 

Functional 

Requirement 

Integrated system flight 
verification and/or 
qualification 

Advanced integrated EC/LS 

Integrated EC/LS and power 
systems 

Life support 

Life support and 
power 


Animal EC/LS 

Experiment support 


All EC/LS systems 

Maintenance 


13 



Table 3-4 (page 2 of 3) 


Research Objective 

System or Technology 

Functional 

Requirement 

Subsystem or component 

Atmosphere supply and 

Two-gas control 

Flight verification and/ 
or qualification 

pressurization 

Gaging 

Nitrogen and oxygen 
supply 

Oxygen supply by 
electrolysis 

Oxygen recovery 


Atmosphere purification 

C arbon-dioxide 


and control 

control 

Trace contaminant 
control 

Microbial control 
and monitoring 


Thermal control 

Humidity control 
Process cooling 
Process heating 


Water management 

Water recovery 
Potability verification 


Waste management 

Feces and urine 
collection 

Feces processing 


Food management 

Food supply 


Crew protection 

Clothing-- space suit 
Back pack 

Gravity compensation 
Personal hygiene 
Fire protection 
Leakage 
Airlock 

Basic technology 

Atmosphere supply 

Heat transfer 


Atmosphere supply/ thermal 
control/ water management 

Liquid gas separation 
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Table 3-4 (page 3 of 3) 


Functional 

Research Objective System or Technology Requirement 


Atmosphere supply/ thermal 
control/ water management/ 
waste management 

Solid and liquid 
retention 

Solid transport by 
gas drag 

Thermal control 

Atmosphere 

circulation 


Heat transfer 

Thermal control/ water 
management 

Condensation 

Thermal control/ water 
management/ waste 
m ana gement / c r e w 
protection 

Liquid transport by 
gas drag 

Water management 

Liquid and liquid 
mixing 

Crew protection 

Fire prevention 

All life support 

Solid and liquid 
retention 


Solid transport by 
Crew 


Liquid and solid 
recovery and 
retention 


3. 2 BIOTECHNOLOGY LABORATORY PROGRAM RECOMMENDATIONS 

The life sciences research program consists of closely related activities 
in four research areas: biomedical, behavioral, bioscience, and LS/ PS- 
Each of these areas is concerned with the reactions of living organisms, 
including man, and with life support for the latter. These activities have 
little or nothing in common with research activities in other scientific 
disciplines other than the improvement of man’s ability to perform research 
in those areas as a result of the information gained from life sciences 
research. Thus, equipment required in a life sciences research laboratory 
is specialized and, generally, will have little application to research in other 
disciplines. 
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Therefore, because of the specialized nature of the research and the 
facilities required to support it, it is recommended that the biotechnology 
laboratory portion of a space station program be managed as an integrated 
project through all its phases. This approach will provide maximum oppor- 
tunity to ensure that the life sciences research for the missions retains the 
position of prominence in which it has been placed by recent NASA center 
studies of space laboratory research programs and configurations. It will 
further ensure that the physical arrangement of the biotechnology laboratory 
facility will promote the most efficient application of the equipment which it 
contains. 

The alternate to this integrated project approach is to have the integration 
of the life sciences research experiments managed as just another part of the 
total experiment program for the mission(s). Although this approach would 
no doubt result in a life sciences research facility, the integrated project 
approach would provide a more effective one for the reasons cited above. 

With the integrated-project approach, all aspects of the laboratory program 
would be managed by a single office. This would include items such as space- 
station program interfaces, equipment development, laboratory layout and 
mockups, and laboratory assembly and test. This approach will require an 
n integrated” management team composed of representatives of at least the 
three offices (OMSF, OART, and OSSA) concerned with life sciences 
research. That such a management team will work has been shown by the 
effectiveness of the NASA team from those three offices which coordinated 
this study. 

The concept of a biotechnology laboratory as a major “slice” of a space 
station is illustrated in Figure 3-1. A gross schedule of activities associated 
with the laboratory is also shown. (This study provided the information on 
experiment equipment indicated under 1968 in the figure. ) Details of this 
schedule are discussed in the following paragraphs. 

3. 3 ACTIVITIES AND SCHEDULES 

The implementation of the biotechnology laboratory as an integrated project 
within the planned space-station program requires the accomplishment of 
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Figure 3-1. Biotech Lab Development Approach 



several major tasks. Because of the foresight of several NASA offices 
associated with the life sciences research to be conducted in such a labora- 
tory, several of the tasks have been accomplished or are in process. The 
timeliness of these tasks is illustrated in Figure 3-2, which relates the bio- 
technology laboratory project to the space station programs. The space 
station program schedule is based on the contractor^ understanding of cur- 
rent NASA plans for the Space Station Phase B study and launch date goal. 

The space station Phase C effort is the key activity affecting the timing of 
the biotechnology laboratory project, because the detail design of the space 
station will begin in this phase. To obtain maximum responsiveness to the 
biotechnology laboratory requirements in the space station design, these 
requirements should be imposed in advance, or at least concurrently with 
the Phase C effort. It is apparent from the schedule that a concurrent 
approach is practical. The information available in this document, together 
with information from other programs such as the Integrated Medical 
Behavioral Laboratory Measurement System (IMBLMS), will permit an 
indepth study of the requirements of a specific life sciences research pro- 
gram. The results of the study would provide the input to a biotechnology 
laboratory Phase C effort, beginning in late 1969 at about the same time that 
the space station Phase C will begin. 

Many of the SRT programs for the biotechnology laboratory are already under 
way and will continue in support of all future missions. A suggested schedule 
for other activities associated with the laboratory and their relation to the space 
station program are also shown. 

The most important single activity associated with this program is the formu- 
lation of the specific life sciences research objectives for the next major 
space research mission. These objectives must be defined to permit the 
imposition of specific requirements upon the space station design. Sufficient 
information is at hand to permit this to be done within the next year. 
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Figure 3-2. Biotech Lab Study and Development Schedule 




Section 4 

LIFE SCIENCES RESEARCH REQUIREMENTS 

This section describes in detail the research programs which were used as 
a basis for identifying equipment requirements. The Programs are a 
concensus and thus are a valid base for future space research planning. 
Measurements and equipment requirements are identified and their common 
application is presented in matrix charts in Appendix A. The four areas of 
biomedical and human research, behavioral research, bioscience research, 
and life support and protective systems research, are covered in separate 
sections to permit selection of research from each area when ’’packages’ 1 
to fulfill specific mission objectives are required. 

4. 1 BIOMEDICINE AND HUMAN RESEARCH 

The program described in this section is directed toward a better under- 
standing of human physiology in long-duration, null-gravity, space flight. 

This is achieved partly through studies that seek to qualify man for space 
flight by making measurements on man himself in that environment. However, 
it is recognized that the long-term qualification of man in space can be 
achieved only through a program which goes beyond the study of normal space 
physiology by including research in abnormal physiology, pathogenesis, and 
therapeutics. The accompanying program of human and animal experiments 
includes these subjects and transcends any current research plan of this 
nature. 

4.1.1 Research Objectives 

The representative biomedical experiments on man and animals in the program 
described here were selected by responding to the following objectives: 

1. Determination of the effects of the space environment on human and 
other mammalian physiology. 
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2, 


Understanding the mechanisms of any alterations to physiology 
which may occur after prolonged exposure to the space environment, 
especially weightlessness. 

3. Evaluation of preventive or remedial techniques designed to preserve 
or restore physiologic functions normal to the Earth environment. 

4. Prediction of the onset, rate, and degree of physiological alterations 
which may occur in the weightless environment. 

5. Study of induced pathological processes and exploration of the 
therapeutic means for their correction or elimination. 

As these objectives indicate, the program seeks to explore not only normal 
physiology in the space environment, but also pathophysiological problems 
that will inevitably occur. Information of this nature clearly cannot be 
obtained with human subjects except as the natural need to apply therapeutic 
techniques arises. It seems prudent, therefore, to prepare for this even- 
tuality by making investigations with animals in the experimental areas of 
pathophysiology and pharmacology before the need to apply the therapies to 
human subjects arises. 

4. 1. 2 Experiment Selection 

In biomedicine -human research there has been a definite evolution of ideas 
concerning the research objectives identified in Section 4. 1. 1. This is 
apparent in a progression of reports by various contractors, scientific 
evaluation groups , and NASA/government working groups. These and other 
reports were reviewed to identify specific information needs, which were 
then grouped under 10 separate subject headings. The divisions which were 
established to provide a structured approach toward the objectives agreed 
upon were: 

1. Neurological 

2 . Cardiovas cular 

3 . Pulmonary 

4 . Gastr ointe stinal 

5. Renal 

6. Nutrition and metabolism. 

7 . Mus culo skeletal 

8. Endocrine 

9. Hematologic 

10. Microbiologic and immunologic. 
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After these specific information needs were established, they were further 
subdivided into research categories, each of which represents a significant 
separate but related area of required investigation. Finally, experiment 
titles taken from all of the basic reference sources, as well as from the 
other documents, were grouped within the appropriate research categories. 
This compilation served as the baseline experiment list from which the final 
program was derived. During the review of individual experiments in the 
baseline list, it became evident that there was considerable redundancy, 
even among experiments whose titles differed widely. Such redundancy was 
eliminated by discarding certain experiments and by consolidating others 
which overlapped significantly . Comparison of the Consolidated list with the 
information needs previously identified showed that certain critical areas 
were inadequately covered. In such cases, experiments were designed to 
produce a complete program. The final group of 55 experiments is directly 
responsive to all specified information needs and is sufficiently representative 
of current scientific thought and technology to provide a broad research 
capability extending considerably beyond the specific program objectives. 

The final program is shown in Table 4-1. 


Table 4-1 (page 1 of 4) 
BIOMEDICAL RESEARCH PROGRAM 


Information Need 

Research Category 

Representative Experiments* 

Neurological function Vestibular function 

i-i 

Head Movement Effects 



1-2 

Otolith and Semicircu- 
lar Canal Sensitivity 



1-4 

Vestibular Electrical 
Activity** 


Circadian rhythms 

1-3 

Day-Night Cycle 
Alterations** 

Cardiovas cular 
function 

Cardiovas cular 
De conditioning 

1-5 

Circulatory Response 
to Exercise 



1-6 

Volume Effects on 
Arterial Pressure 
Control System 


"'Numbers preceding experiment titles correspond to those in Volume II. 
^Experiment uses animal subjects. 
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Information Need 


Pulmonary function 


Gastrointestinal 

function 


Table 4-1 (page 2 of 4) 


Research Category Representative Experiments* 



1-7 

Peripheral Venous 
Compliance 


1-8 

Cardiac Dynamics 


1-9 

Intraocular Arterial 
Blood Pressure 

De conditioning 
Counter measure s 

1-10 

Lower Body Negative 
Pressure Device 
Evaluation 


1-11 

On-board Centrifuge 
Evaluation 


1-12 

Occlusive Cuffs 
Evaluation 

Homeostatic 

mechanisms 

1-13 

Carotid Sinus 
Sensitivity 


1-14 

Peripheral Arteriolar 
Reactivity 


1-15 

Blood Volume and 
Distribution 

— 

1 - 16 

Carotid Baroreceptor 
Electrical Activity 

Verification of 

measurement 

techniques 

1-17 

Direct Cardiac Output 
Measurement** 

Vascular collapse 

1-18 

Response to Shock 
Therapy** 

Ventilatory mechanics 

1-19 

Pulmonary Mechanics 


1-20 

Respiratory Control 

Pulmonary efficiency 

1-21 

Blood Gas Exchange 


1-22 

Lung Cleansing** 

Pulmonary disease 

1-23 

Induced Pulmonary 
Infections** 


1-24 

Recovery from Non- 
Infectious Lung Trauma** 

Gastr ointe stinal 
function and motility 

1 -25 
1-26 

Intestinal Absorption 
Motility and pH 


^Numbers preceding experiment titles correspond to those in Volume II. 
** Experiment uses animal subjects. 
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Table 4-1 (page 3 of 4) 


Information Need 

Research Category 

Representative Experiments* 

Renal function 

Renal physiology 

1-27 

Indexes of Renal 
Function 


Renal pathology 

1 -28 

Calculus Formation** 



1 -29 

Renal Infection** 

Nutrition - - 

General metabolism 

1-30 

Energy Metabolism 

metabolism 

Specific metabolites 

1-31 

Carbohydrate and Fat 
Metabolism 



1-32 

Protein Metabolism 



1-33 

Body Fluid Composition 



1-34 

Mineral Metabolism 

Mu s culo skeletal 

Skeletal decalcifica- 

1-35 

Bone Density 

function 

tion 




Work capacity 

1-36 

Muscle Status 



1-37 

Electromyographic 

Evaluation 


Bone pathology 

1-38 

Fracture Healing** 



1-39 

Induction of Pressure 
Atrophy** 

Endocrine function 

Thermal regulation 

1-41 

Thermal Regulation 


Stress effects 

1-40 

Endocrine Assays 



1-42 

Adrenal and Parathyroid 
Histopathology and 
Function** 



1-43 

Gonad Histopathological 
Evaluation** 

Hematologic function 

Cytogenetics 

1-44 

Leukocyte Replication 


Cell dynamics 

1-45 

Erythrocyte Dynamics 



1-46 

Leukocyte Dynamics 



1-47 

Platelet Dynamics 



1 -49 

Leukocyte Mobilization 
after Chemical Challenge 



1 - 50 

Maximum Rate of 
Erythrocyte Production** 


^Numbers preceding experiment titles correspond to those in Volume II. 
** Experiment uses animal subjects. 
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Table 4-1 (page 4 of 4) 


Information Need 

Research Category 

Representative Experiments* 


Coagulation 

1-48 

Hemostasis 


Tissue pathology 

1-51 

Wound Healing** 

Microbiology and 
immunology 

Microbiology 

1-52 

Microbial Evaluation of 
Environment 



1-53 

Microbial Evaluation of 
Crew Members 



1-54 

Air Sampling 


Immunology 

1-55 

Immunological Evalua- 
tion of Crew Members 

^Numbers preceding experiment titles correspond to those in Volume II. 
Experiment uses animal subjects. 


4.1.3 Program Implementation 

Because of research and development requirements in certain areas and 
because of expected facilities constraints, it is not anticipated that the entire 
biomedical research program will be implemented at one time. The follow- 
ing implementation plan will maximize the efficiency of program development 
by identifying those areas deserving of the greatest and earliest emphasis. 

In developing this plan, all the experiments in this program were evaluated 
with respect to the urgency of the information needs which they satisfied. 

It became evident that in all the information need areas there were specific 
requirements of equal importance. The experiments could not, therefore, 
be ranked according to strict priority because the information needs for the 
various functional systems contained equally important information gaps. 

Thus the total program was divided into three separate phases which might 
be considered as sequential implementation phases (See Table 4-2). Within 
each phase, experiments were considered to be equally important. Were the 
entire laboratory program to be implemented in separate phases, the 
summary detailed in Table 4-2 would represent an efficient way of answering 
the most important questions first. Answers to highly desirable but less 
pressing information needs would be deferred until activation of later program 
stages. 
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Table 4-2 (page 1 of 3) 


BIOMEDICAL AND HUMAN RESEARCH PROGRAM IMPLEMENTATION 

PLAN 


Information Need 

Research Category 

Representative Exp e r ime nts* 


Phase I Experiments 

(19) 


Neurological function 

Vestibular function 

1-1 

Head Movement Effects 



1-2 

Otolith Semicircular 
Canal Sensitivity 

Cardiovas cular 
function 

Cardiovascular 

deconditioning 

1-5 

Circulatory Response to 
Exercise 



1-6 

Volume Effects on 
Arterial Pressure 
Control System 



1-8 

Cardiac Dynamics 


Cardiovas cular 
de conditioning 
countermeasures 

1-10 

1-11 

Lower -Body Negative - 
Pressure Device 

On-board Centrifuge 
Evaluation 



1-12 

Occulusive Cuffs Evalu- 
ation 


Verification of 

measurement 

techniques 

1-17 

Direct Cardiac Output 
Measurement^ 


Vascular collapse 

1-18 

Response to Shock- 
therapy** 

Pulmonary function 

Ventilatory 

mechanics 

1-19 

Pulmonary Mechanics 


Pulmonary disease 

1-23 

Induced Pulmonary 
Inf e ct ions ** 

Nutr ition -metabolism 

General metabolism 

1-30 

Energy Metabolism 


Specific metabolities 

1-34 

Mineral Metabolism 


Skeletal decalcifica- 
tion 

1-35 

Bone Density 

Mus culo skeletal 

Bone pathology 

1-38 

Fracture Healing** 


function 


* Number s preceding experiment titles correspond to those in 
Volume II. 

^Experiment uses animal subjects. 
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Table 4-2 (page 2 of 3) 


Information Need 

Research Category 

Representative Experiments* 


Phase I Experiments (19) 


Hematologic function 

Cell dynamics 

1-50 

Maximum Rate of 
Erythrocyte Production** 


Tissue pathology 

1-51 

Wound Healing** 

Microbiology- 

Ecology 

1-53 

Microbial Evaluation of 

immunology 



Crew Members 


Phase II Experiments (16) 


Cardiovascular 

Cardiovascular 

1-14 

Peripheral Arteriolar 

function 

deconditioning 


Reactivity 


Homeostatic 

1-16 

Carotid Baroreceptor 


mechanisms 


Electrical Activity** 

Pulmonary function 

Pulmonary efficiency 

1-21 

Blood Gas Exchange 


Pulmonary disease 

1-22 

Lung Cleansing** 



1-24 

Recovery from Non - 
infectious Lung Trauma** 

Renal function 

General renal 

1-27 

Indexes of Renal 


function 


Function 

Nutrition -metabolism 

General metabolism 

1-33 

Body Fluid Composition 

Musculoskeletal 

function 

Work capacity 

1-36 

Muscle Status 


Bone pathology 

1-39 

Induction of Pressure 
Atrophy** 

Endocrine function 

Stress effects 

1-41 

Thermal Regulation 



1-43 

Gonad Histopathological 
Evaluation** 

Hematologic function 

Cell dynamics 

1-45 

Erythrocyte Dynamics 



1-46 

Leukocyte Dynamics 



1-47 

Platelet Dynamics 

Micr obiology - 

Microbiology 

1-54 

Air Sampling 

immunology 

Immunology 

1-55 

Immunological Evalua- 
tion of Crew Members 


^Numbers preceding experiment titles correspond to those in 
Volume II. 

**Experiment uses animal subjects. 
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Table 4-2 (page 3 of 3) 


Information Need 

Research Category 

Representative Experiments* 


Phase III Experiments (20) 


Neurological function 

Circadian rhythm 

1-3 

Day Night Cycle 
Alterations 5 ’'* 


Vestibular function 

1-4 

Vestibular Electrical 
Activity** 

Cardiovas cular 
function 

Cardiovascular 
de conditioning 

1-7 

Peripheral Venous 
Compliance 



1-9 

Intraocular Arterial 
Blood Pressure 


Homeostatic 

mechanisms 

1-13 

1-15 

Carotid Sinus sensitivity 

Blood Volume and 
Distribution 

Pulmonary function 

Ventilatory 

mechanics 

1-20 

Respiratory Control 

Gastrointestinal 

function 

Gastrointestinal 
function and 
efficiency 

1-25 

1-26 

Intestinal Absorption 
Motility and pH 

Renal function 

Renal pathology 

| 1-28 

Calculus Formation** 



| 1-29 

Renal Infection** 

Nutrition -metabolism 

Specific metabolities 

1-31 

Carbohydrate and Fat 
Metabolism 



1-32 

Protein Metabolism 

Musculoskeletal 

function 

De conditioning 
indexes 

1-37 

Electromyographic 

Evaluation 

Endocrine function 

Stress effects 

1-40 

Endocrine Assays 



1-42 

Adrenal and Parathyroid 
Histopathology and 
Function** 


"Cell dynamics 

1-49 

Leukocyte Mobilization 
after Chemical Challenge** 

Hematologic function < 

Cytogenetics 

1.-44 

Leukocyte Replication 


Coagulation system 

1-40 

Endocrine Assays 

Microbiology- 

immunology 

Ecology 

1-52 

Microbial Evaluation of 
Environment 


^Numbers preceding experiment titles correspond to those in 
Volume II. 

** Experiment uses animal subjects. 
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Assignment of individual experiments to the various phases was based on 
information in the references reviewed and on general familiarity with 
current opinion among participants in organized aerospace medicine research. 
Certainly, with the passage of time, changes in specific phase assignment 
would occur either because of technological developments or because answers 
to certain information needs might become more critical as experience in 
space increases. 

4. 1.4 Measurement Requirements 

Measurement requirements for this research were developed through two 
approaches. The information needs and research categories were analyzed 
for measurements which could be anticipated on the basis of current scientific 
technology, regardless of the constraints imposed by current technology. 

Also, individual experiments were analyzed separately to determine the 
measurements specified in each of the descriptions. The two lists were then 
consolidated to produce a list which was used to analyze overall program 
commonalities . 

During the review of experiments, it became evident that not all experiments 
were sufficiently detailed to specify measurements. When such deficiencies 
were identified, experiment plans which met the stated objectives were 
originated. The list of required measurements is shown in Table 4-3. 

The measurements extracted from analysis or construction of individual experi- 
ment descriptions are included in the Experiments Requirements Summaries 
which are presented in Volume II. The results are also presented in the form 
of matrix charts (Appendix A) in which individual experiments are compared 
with the complete list of measurements required for the total biomedical 
program. 

The experiments and measurements embodied in the Integrated Medical and 
Behavioral Laboratory Measurements System (IMBLMS) concept meet many 
of the information needs identified in this report. IMBLMS has therefore been 
a central reference point for this study. It would seem that the final similari- 
ties between the IMBLMS program and that outlined in this report, which was 
derived independently, tend to validate the requirements set forth in both 
program descriptions. 
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Table 4-3 (page 1 of 2) 

BIOMEDICAL AND HUMAN RESEARCH MEASUREMENTS 

General , Envir onmental 
Airflow 

Ambient air pO^, pC02 
Ambient temperature 
Background radiation 
Cine photography 
Fluid temperature 
Humidity 
Light intensity 

Photography, still (Polaroid, 33 mm, color) 
Photomicrography, still (Polaroid, 33 mm, color) 

Track contaminant levels 

Neurological 

Egocentric visual localization of the horizon (EVLH) 
Electroencephalography 
Eye muscle balance 
Nystagmus 

Ocular counter rolling 
Oculogravic illusions 
Oculogyric illusions 
Task performance 

Physiological 

Arterial blood pressure 
Arterial filling time 
B alii s t o c ar d io g r aphy 
Body mass 

Body temperature , core and skin 
Body volume 
Bone density 
Breath-holding time 
Cardiac output 
Circulation time 
Electrocardiography 
Electromyography 

Biochemical- -Metabolic 


Gastric contraction force 

Gastric volume 

Gastrointestinal motility 

Gastrointestinal pH 

Heart rate 

Muscle size 

Muscle strength 

Phonocardiography 

Plethysmography 

Spirometry 

Yenuous filling time 


Blood ACTH 

Blood bicarbonate 

Blood free fatty acids 

Blood glucose 

Blood lactic acid 

Blood PBI 

Blood pH 

Blood p02, pC02 

Blood TSH 

Blood urea nitrogen 


Serum alkaline phosphatase 
Serum calcium 
Serum chloride 
Serum creatinine 
Serum osmolality 
Serum phosphorus 
Serum potassium 
Serum proteins (total) 
Serum sodium 
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Table 4-3 

(page 2 of 2) 

Urine aldosterone 

Fecal mass 

Urine acidity 

Fecal nitrogen 

Urine calcium 

Fecal calcium 

Urine catecholamines 
Urine creatine 
Urine creatinine 
Urine glucose 
Urine nitrogen 
Urine osmolality 
Ur ine pH 
Urine phosphorus 
Urine steroids 
Urine volume 

Fecal phosphorus 

Hematological- -Microscopic 


Bacterial morphology 

Leukocyte count (total and 
differential) 

Bleeding time 

Phagocyte index 

Cell morphology 

Platelet count 

Clot retraction 

RBC fragility 

Clotting time 

Reticulocyte count 

Cytogenetic evaluation 

Sperm count 

Erythrocyte count 

Sperm motility evaluation 

Erythrocyte size 

Tissue fixation 

Hematocrit 

Hemoglobin 

Radioisotopic Tracer Studies 

Blood volume 

Plasma volume 

RBC mass 

RBC survival time 

Specific absorption rates 

Total body water 

Urinary sediment evaluation 



The equipment required to perform the biomedical research program is 
presented here in two forms. Table 4-4 presents a consolidated equipment 
list derived from the experiment requirements summaries in much the same 
manner as were the individual measurements. A matrix that relates equip- 
ment with experiments may be found in Appendix A. Some of the equipment 
represented in these tables needs no additional description, while other items 
required at least some specification, even when no accurate description was 
possible. These items are further detailed in the equipment description lists 
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Table 4-4 

BIOMEDICINE -HUMAN RESEARCH PROGRAM- -EQUIPMENT LIST 


Aerosol particle analyzer* 
Arterial pressure recorder* 
Autoclave* 

Automatic cell counter* 

Bacterial culture equipment 
Ballistocardiograph* 

Bone densitometer* 

Camera, cine 
Camera, still (Polaroid) 

Camera, still (35 rnm) 
Cardiotachometer* 

Carotid cuff 
Centrifuge > clinical* 

Centrifuge, human, short -radius 
Chemical analyzers* 

Electrocardiograph* 

Electroencephalograph* 

Electromyograph* 

Electrooculograph* 

Endo radio sonde* 

Erogmeter* 

Filtration apparatus 
Frozen storage unit 

Gas chromatrograph* 

Gas flowmeter 

Goggles, plethysmographic* 

Hemotocrit tubes, capillary 

Hemocytometer 

Hemoglobinometer* 

Humidity recorder* 

Incubator, 37°C 

Lower -body negative -pressure 
device* 


Manometer, recording* 

Mass -measurement device, large* 
Mass -measurement device, small* 
Microscope* 

Muscle dynamometer* 

Nebulizer chamber* 

Nitrogen analyzer* 
Nystagmographic goggles* 

Ophtalmo scope* 

Oscilloscope* 

Osmometer* 

Otoscope* 

Oximeter, ear* 

pH meter* 

Phonocardiograph* 

Phoropter* 

Plethysmograph, capacitance* 
Pressure, cuffs limb* 

Pressure transducers 

Scintillation counter /scaler* 

Slide -staining apparatus 
Specific ion electrodes* 
Spectrophotometer* 

Spirometer* 

Stethoscope 

Stomach tube and balloon 
Surgical instruments 
Syringes 

Temperature recorder* 
Thermistors , skin* 

The r mistor s , rectal* 

Thermistor, tympannic* 

Tilting motion chair* 

Timers 

Vision test targets 
Volumeter, whole body 


*Details in equipment description section. 
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in Section 7. In many cases, the equipment described is currently under 
development by various contractors to NASA. When possible, information 
was obtained which accurately reflects the current status of the individual 
items described. In other cases, specifications set forth by NASA in 
proposal requests were used as description and specification guidelines. In 
still other cases, where a requirement for the described equipment had not 
been specified elsewhere, the specifications were approximated in accordance 
with knowledge of the current technology. 

It is anticipated that a major portion of the equipment outlined will be provided 
by the final result of IMBLMS development because a great deal of similarity 
exists between the IMBLMS program and the biomedical program outlined in 
this report. Nevertheless, the potential breadth of the research to be 
performed in the biotechnology laboratory conceived in this study exceeds 
that of IMBLMS; thus, a few items of equipment will require development if 
the program is to be accomplished in its entirety. 

4.2 BEHAVIORAL RESEARCH 

The behavioral research program defined in this study concerns man and the 
activities he performs in relation to his environment. The program is 
responsive to the objectives and information needs stated in numerous NASA 
and aerospace industry reports. The program was developed in the following 
steps: 

1. Statement of the broad objectives of the behavioral research 
objectives . 

2. Identification of the information-need categories related to the 
objectives. 

3. Selection of the research categories and experiments responsive to 
the information needs. 

4. Development of an implementation program plan. 

4. 2. 1 Research Objectives 

The objectives formulated for the behavioral research program are a synthesis 
of those stated throughout the various reference documents. Since these tend 
to concentrate on specific areas of research rather than on general objectives, 
it was necessary to restate them in broader terms. Thus, the following 
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objectives were established to provide a basis for the selection of experiments 
and the definition of an extensive research program: 

1. Determination of man's capability to perform meaningful tasks for 
long -duration missions. 

2. Determination of the system design factors that affect morale over 
extended periods of time in orbit. 

3. Determination of the effects of prolonged exposure to the orbital 
environment on the normal ranges of sensory, perceptual, and 
psychomotor functions. 

These objectives are directed towards optimizing man’s performance and 
providing information which will help to ensure his safety and well-being 
throughout the mission. Results will be used to develop design criteria for 
future spacecraft and to aid in formulating operational task requirements. 

4,2.2 Experiment Selection 

Experiment selection was accomplished by first compiling a catalog of 534 
potentially useful experiments , then evaluating their responsiveness to the 
specific research categories . The catalog was the result of a review of 
numerous reference documents and MDAC experiment data. From the 
catalog, a concise listing of 80 experiments that met the following criteria 
was made: 

1. Those that require human capabilities for accomplishment. 

2. Those that investigate human capabilities directly or indirectly. 

3. Those that are capable of investigating human performance through 
minor modification of observations. 

4. Those that investigate traditional behavioral areas. 

The source documents were then reviewed for information needs. Again, no 
single -source document or proposed program included all the information 
needs required. Specific information needs with a common purpose were 
grouped under three major categories: (1) man’s effect on his environment, 

(2) effects of the environment on man, and (3) effects of man-hardware - 
environment inter at ion. To provide a structured approach to the final selection 
of experiments, the three information-need categories were subdivided into 
research categories denoting the distinct areas of investigation required to 
fulfill each information-need. 
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The 80 candidate experiments were analyzed for relevancy to the various 
research categories. Some were responsive to several research categories, 
others were directed towards only one or two. Degree of responsiveness 
varied greatly, so that some categories were complete and others were not. 
There was not enough detailed information to determine the relative 
importance of a particular experiment to a specific research category. 

To avoid redesigning experiments already documented in the literature, a 
new approach was adopted which consolidated the common objectives, 
measurements and techniques of the 80 experiments into 26 individual 
experiments responsive to each of the research categories. Thus, for each 
experiment area, all the measurements and techniques which might be 
employed to investigate the total behavioral gamut which could conceivably 
be included within that classification were identified. Where details regard- 
ing measurements, equipment, or time -constraints did not exist, approxima- 
tions were made. A summary of the total program is shown in Table 4-5. 

Evaluation of extravehicular activities (EVA) is not included as a separate 
experiment, since it overlaps considerably with evaluation of life support 
and protective systems (L.S/PS). Thus, it seemed unreasonable to restate 
the requirements for pressure suits, life support systems, consumables, 
and other resources for the behavioral research program. Further the 
measurement parameters required for the mission activities and basic 
behavioral integrity experiments are applicable (with few exceptions) to 
both intra vehicular and extravehicular performance. For EVA evaluation, 
the major functions are egress /ingress, translation, and work performance. 
All can be effectively measured during pressure- suit evaluation. In fact, 
the latter requires task performance in order to place appropriate loads on 
the hardware systems; such performance may be evaluated as part of the 
behavioral research program. 

4. 2. 3 Program Implementation 

Three approaches could be used to implement a behavioral research program. 
The first, and most desirable, would be to include all 26 experiments on the 
initial biotechnology laboratory mission. 
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This program would be the most flexible. Any information need or research 
category could be emphasized at any time. The program would be limited, 
however, by the availability of hardware and techniques. Crew time or other 
station resources could also constrain the program. 

Another approach would be to package the experiments according to each of 
the three research categories shown in Table 4-5. Packaging related experi- 
ments has the advantage of minimizing hardware and facilities required on 
board. However, there are two problems. First, the only basis for beginning 
priorities to the three groups would be judgmental. Second, it would be more 
desirable to have representative experiments from each of the three categories, 
because one type of research might substantiate (or contradict) the results of 
another. 

The recommended approach is to establish priority ratings for individual 
experiments within each research category, based on the frequency with which 
they appear in the literature. From these ratings, sequential experiment 
programs can be defined. This approach is based on the premise that a 
frequently recommended experiment represents an urgent information need 
and, furthermore, appears to be the consensus of the scientific community. 

Three candidate experiment packages based on this approach are shown in 
Table 4-6. They result from a detailed analysis of the measurements and 
observations required of 80 representative experiments selected from the 
literature. Experiments within each research category are listed according 
to decreasing frequency of appearance in the literature, with the most 
frequent shown at the top of each major column. 

Each experiment package is identified by reading across the three columns. 

The division lines are admittedly judgmental rather than statistical. This 
concept is not completely arbitrary, however. The three categories of 
experiments included in each package tend to augment and complement each 
other. Furthermore, the three packages tend to proceed from the general 
to the specific. This is desirable because the program should provide the 
most significant data in the shortest time. In other words, overall task 
performance degradation would be expected early in the mission. Should it 
occur, specific causes could be investigated later in the mission. Finally, 


38 




0 

o 

u 

o 

Pm 

0 

d 

pM 

d 

d 


d d 

« 0 

is « 

« A 

0 U 

Pi 

cm 

1 

CM 


d 

o 


A 

u «— i 

0 d 

tlO to 

*tH *h 

£ > 


d 

o 

•H 

44 

0 

d 

d 

£ 

>> 

Jh 

o 

44 
• H 

TJ 

d 

< 


O *“• 

O'" > — i ■ — < 

I I I 

CM CM CM 


d 
O 
»«— ! 
44 

0 

1 

Pm 


d 


T 3 

O 

o 

Pm 


rt U3 
S 4) 

■£ .2 

” bO 

TO 

£ 


bJD 

d 

• H 

<9 

O 


>> 
ffi O 


O 00 o 


rQ 

d 

44 44 

tn d 

•H 

- d 
d u 
O +> 

•H » 

9 pi 

d 

0 'S 

• rH d 

?h d 

O 

o 

1 

CM 


CM 

1 I * 

CM CM CM 


d 

o 

• H 
4 -> 

d 

> 

u 

0 

co 

X> 

O 

r 0 

d 

d 

bi) 

d 

♦rl 

M 

O 

4 -> 

•rH 

d 

o 


cn 

co 

0 

0 

0 

< 


r-l 00 
1 1 
CM CM 


d 
o 

• H 
4 -> 

0 
d 
d 
Pm 

0 
CO 

d 

0 o 
m Mj 

r-H 0 

d jd 

0 44 

CD 

S 2 
2 c 

rd O 

U V> 

<M 

1 I 

CM CM 


H-> 

d 

0 

■H 

44 

d 

0 

s 

g 

44 

a 

0 

a 

d 

s 

0 

M 

0 

44 

0 

bJD 

0 

bO 

bJO 

•H 

CO 

0 

r\ 

bJO 

aJ 

CO 

d 

nJ 

d 

>> 

3 


U 

0 

•rH 

Jh 

0 


- CM 
h CM 
l I 

CM CM 


d 

d 

d 

o 

•H 

44 

oj bJO 

0 d 

•H # H 

d "0 

3 M 

a s 

a 0 

O Pi 

a 


CM 


ft 

0 

0 


CO 

I 

+4 

CO 

0 CO 

H 0 

I » — l 

^ y 

u i>" 

p u 


d 

o 

•I— l 
+4 

d 

0 

Jh 

0 

0 

Pi 


vO cO 

CM CM 

I t 

(M CM 


39 



the program is consistent with the three kinds of information needed, and it 
is provided by the data collected. The desired results can be classified as 
follows : 

1. Those which provide design requirements for future space vehicles. 

2. Those which will permit a realistic assignment of integrated crew 
tasks for future missions. 

3. Those which provide insight and understanding into man's adaptive 
processes in the orbital environment. 

4.2.4 Measurement Requirements 

The measurement requirements for each of the consolidated experiments 
were based initially upon those stated in the literature for the original 
80 experiments. Additional measurements were added as necessary to make 
the consolidated experiments completely responsive. A listing of measure - 
ments is provided in Table 4-7. 

Several of the measurements are used in most of the experiments. Others 
are specialized and are used in only one research category. Many of the 
sensory, perceptual, and neurophysiological measurements can be taken with 
the subject positioned in front of a test console or performing tasks in a 
limited area. Auditory detection, critical flicker fusion, reaction time, 
information processing, problemsolving, and judgment, for example, will 
employ relatively standard psychological tests to compare responses in orbit 
with those made on the ground. Differences, if any, would be attributable to 
the effects of orbital stressors. These measurements can be readily 
performed in a minimum of time. 

Other measurements deal with complex behavior, e. g. , body position/ 
locomotion and mass translation. These measurements will require larger 
areas and more complex recording equipment. Metabolic measurements 
are required in conjunction with task performance evaluations in order to 
assess the impact of energy costs on spacecraft life support systems. 

A third type of measurement is needed to evaluate psychological adjustment 
to the orbital environment. Included are the use of standardized paper and 
pen tests and of specially developed questionnaires to assess mood, opinion, 
and intrapersonal and interpersonal dynamics. 
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Table 4-7 


BEHAVIORAL RESEARCH MEASUREMENTS 


Sensory, Perceptual, and Psychomotor 


Attention 

Auditory detection/ discrimination 
Body acceleration 
Body position 

Brightness detection/ discrimination 

Color detection/ discrimination 

Complex sequence 

Critical flicker fusion 

Depth perception 

Dexterity 

Eye movement 

Force production 

Form discrimination 


Judgment 

Light and dark adaptation 

Locomotion 

Manipulation 

Memory 

Noise sensitivity 
Problem solving 
Reaction time 
Tracking 
Veridicality 
Vigilance 
Visual acuity 


Physiological, Neurophysiological, and Metabolic 


Electroencephalography 
Energy expenditure 
Food consumption 
Galvanic skin response 
Skin sensitivity 
Smell sensitivity 
Taste sensitivity 
Water consumption 
Miscellaneous 


Accommodations utilization 
Control and display dynamics 
Emotional assessment 
Event record 

Mass motion/ acceleration 
Mood assessment 
Subjective opinion 
Time 

Voice record 


In general, the measurements in this program are required to help explain, 
understand, and predict behavior. They are similar to those used in ground- 
based laboratories in that they are primarily concerned with recording 
responses (or events) which can be analyzed on the ground. The on-orbit 
subjects serve as their own controls, having performed the same experiments 
in a 1-g environment prior to and subsequent to the mission. A matrix of 
measurements versus experiment titles is shown in Appendix A, 
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4.2.5 Equipment Requirements 


Equipment required for the behavioral research program is tabulated in 
Table 4-8. Items were derived from an analysis of the measurements and 
observations essential to conducting the 26 consolidated experiments. In 
some cases, equipment requirements were directly translatable from those 
stated in the literature. More frequently, however, they were developed 
specifically for this study. 

A correlation of equipment items and experiment titles is shown in Appendix A. 
Some items are functionally compatible and could be combined to reduce 
constraints on the laboratory. For example, 16 of the 37 equipment items 
lend themselves to groupings which result in 5 multiple -item combinations: 

(1) standard dexterity apparatus, CRT and other displays, display-associated 


Table 4-8 

BEHAVIORAL RESEARCH EQUIPMENT AND SUPPLIES 


Measurement Equipment 

Accelerometers and recorders 

Analog recorder 

Audio recorder 

Cameras 

CFF source 

Color plates 

CRT and other displays 

Display associated controls 

EEC sensors and recorder 

Electro oculo graph and recorder 

Ergometer 

GSR sensors and recorders 

Gustatory solutions 

Light source 

Metabolic monitor 

Noise and vibration source 

Olfactory aerosols 

Ortho rater 

Pure tone source 

Somes the tic stimuli 

Standard dexterity apparatus 

Timer 

Torque force apparatus 
Tuning fork 
Veridicality tester 


Support Equipment and Supplies 

Attachment devices (for restraints) 

Background grid 

Clothing 

Dionized sterile water 

Life support equipment/expendables 

Log book 

Mi c r o s y r ing e s 

Maneuvering aids 

Masses 

Paper and pen tests 
Photographic film and magnetic 
tapes (audio and video) 
Questionnaires 

Recreational devices/ supplies 

Restraints 

Storage volume 

Tape measure 

Tethers 

Writing area and surface 
Writing instruments 
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controls* and an analog recorder; (2) depth-perception tester, orthorater, 
light source, CFF source, and veridicality tester; (3) pure tone source and 
noise and vibration source; (4) metabolic monitor, EMG sensors and recorder, 
and GSR and EEG sensors and recorder; and (5) torque-force apparatus and 
ergometer. 

An integrated measurement system such as indicated in the IMBLMS Request 
for Proposal would be extremely valuable in the final definition of equipment 
and techniques for the laboratory. In another recent NASA -funded study, 

The Utilization of MOL for Early NASA Objectives, it was concluded that an 
integrated biomedical/behavioral measurement system would significantly 
reduce not only weight, power, volume, and data -management requirements, 
but crew time as well. Two of the integrated -measurement devices 
recommended in that study were the MDAC -designed Computer -Performance 
and Reference Evaluator (COMPARE) and Visual/ Auditory Tester (VAT). 
Together these two devices can measure all of the basic sensory, psychomotor, 
and perceptual functions necessary in this research program. 

The performance characteristics of the equipment are summarized in 
Section 7. None of these data were available in the literature; instead, they 
were developed from Company experience in the laboratory. Experience in 
underwater and Keplerian - flight studies was extremely valuable. Weight, 
power, and volume estimates are gross because much of the equipment has 
not yet been designed for space use. 

4.3 BIOSCIENCE RESEARCH 

The ability to explore biological organisms or systems in the unique environ- 
ment of an Earth-orbiting laboratory makes available an entirely new 
investigative approach to the biosciences. The importance and versatility of 
this advanced has challenged the ingenuity of a great many bioscientists and 
has resulted in the proposal of a wide variety of excellent and interesting 
experiments. The basic aim of the final bioscience research program is to 
assemble from these proposed experiments a group so representative of 
current scientific thought and technology that, ideally, any desired experi- 
ment could be performed in the laboratory. The following program 
represents a practical approach to this goal, with a realistic balance 
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between those experiment designs immediately available and those potentially 
attainable within the scope of the projected orbiting laboratory program. 

4. 3. 1 Research Objectives 

Bioscience, the broadest of scientific disciplines, has a variety of potential 
goals. Among the stated aims of the NASA Bioscience Program as set forth 
in the April 1968 Bioscience Working Group report is studying "the effects 
of the space environment on living organisms . * . . u 

This goal was taken as the basic charter for the experiments compiled in 
this section. Such other aims as the search for extraterrestrial life were 
considered but were discarded as inappropriate to a manned Earth-orbiting 
laboratory. Similarly, "reconnaissance and study of terrestrial ecology and 
development of remote sensing life detection techniques, H stated in the AIBS 
report of December 1967, was felt to be generally inapplicable, largely 
because of the limitations imposed by the current technology. Finally, 
"development, test, and refinement of bioregenerative life support systems, " 
also stated in the AIBS report, was excluded from the following program, at 
least as a primary goal, because of its applied and specialized nature. Thus, 
the research outlined herein conforms rather closely to the definition of a 
pure or basic science program. 

4. 3. 2 Experiment Selection 

Although both the NASA Bioscience Working Group and the AIBS have stated 
that research on man is a significant objective of the NASA bioscience 
program, such experiments were excluded from the following program and 
were treated separately in the section on biomedicine and human research. 

It should be pointed out, though, that certain areas of bioscience research, 
while not pursued in this program for the purpose of qualifying man in space, 
may well provide information of value in that regard. These experiments # 
have been included to provide the breadth and versatility desired in the fully 
assembled laboratory. 

The process of selecting representative experiments was difficult because of 
the great number of excellent and appropriate experiments proposed in 
recent years. Selection was simplified, however, when both the NASA 
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coordinators and the MDAC study team agreed to use the AIBS 1967 final 
report to NASA as a guideline. This report considered basic bioscience 
objectives and the most efficient means of attaining them. Since the document 
so clearly represented the consensus of a large group of prominent scientists, 
its guidance proved invaluable to the selection process. The broad biological 
research categories outline in the AIBS report include geosensitivity, 
morphogenesis, metabolism, behavior, parasitism, genetics, and biosynthesis. 

To these have been added reproduction and hemodynamics, both of which 
are aspects of physiology likely to be affected by weightlessness and/or 
radiation. Although hemodynamics is extensively investigated by noninvasive 
methods in the biomedicine and human research program, the scope of the 
experiment outlined in this section is sufficiently large to warrant its inclusion 
in the program, thereby ensuring that the necessary equipment will be 
available for associated biological measurements, should they be desired. 
Similarly, the tissue -culture/ cell-reproduction experiment will not only add 
to the technological capability of the program but should provide much 
interesting and significant data on a basic process vital to all biosystems. 

In the overall program outline presented in Table 4-9, the bioscience section 
was organized in accordance with the AIBS objectives and with the same format 
as the other segments of the total laboratory program. One difference, 
however, is the use of the term '^research objectives" rather "information 
needs, 11 since it was agreed that the former was more representative of the 
intent of any basic science program. 

4.3. 3 Program Implementation 

In this comprehensive bioscience program, the variety of experimental subjects 
required presents a special problem of implementation. Because of the 
diverse life-support requirements, the logistics of providing for all desired 
test organisms becomes complex. Furthermore, it is unrealistic to assume 
that the technology for supporting these organisms will be uniformly available 
at the start of the program. 

It is difficult to use priority of research objectives as a basis for separating 
the program into implementation stages because the very nature of this 
research precludes the assignment of priority values. Therefore, the 


45 



Table 4-9 (page 1 of 3) . 
BIOSCIENCE RESEARCH PROGRAM 
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3-39 Life Cycle Completion in Drosophila 
3-43 Amoeba Morphogenesis 
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approach to program implementation was based on the more practical criterion, 
frequency of utilization of the test organisms. To arrive at an appropriate 
weighting for the 18 species used, each was scored for the number of times 
it was utilized in the program. The distribution of this utilization was then 
determined by listing the number of high, medium-, and low-priority usages 
which were represented. From these distributions, it was then possible to 
rank the individual organisms according to their importance as weighted 
by both high utilization and high experiment priority. The rating and 
distribution are shown in Table 4-10. For convenience, the table has been 
arbitarily broken into three separate parts which could represent three 
phases of program implementation. The first phase (26 experiments) would 
be composed of those most important in terms of efficient subject utilization 
and high experiment priority. The second phase (14 additional experiments) 
would add six new organisms, four of which were used in high-priority 
experiments. The third phase (10 additional experiments) would add seven 
new test organisms, one of which was used for a high-priority experiment, 
and the rest for medium- or low-priority investigations. The experiments 
associated with each of the three phases are listed in Table 4-11. 

The suggested ranking will ultimately be modified on the basis of availability 
of both experiment and life support hardware. The list is of value, however, 
for planning the relative emphasis which should be placed on the individual 
items which require development to support this program. 

4 . 3.4 Measurement Requirements 

The measurements required for this research program have been separately 
identified, since these demonstrate the versatility of the facility to perform 
research other than that specifically programmed. To evaluate this 
versatility, the selected experiments were analyzed for required measurements. 
As in biomedicine, not all experiments selected had sufficiently detailed 
protocols to permit direct analysis. In those cases, protocols were developed 
to achieve the stated experiment objectives, and the individual measurements 
were then extracted. Results of these individual protocol analyses appear 
individually in Volume II in the form of experiment requirements summaries. 
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Table 4-11 (page 1 of 3) 


BIOSCIENCE RESEARCH IMPLEMENTATION PLAN 


Research Objectives 

Research Category 

Representative Experiments 


Phase I Experiments 



Behavior 

Vertebrate 

3-1 

Primate Behavior 


Behavior 

3-2 

Mouse Growth and 
Behavior 



3-3 

Teleost Behavior 


Invertebrate 

Behavior 

3-6 

Drosophila Behavior 

Biorhythms 

Vertebrate 

3-9 

Primate Biorhythms 


Biorhythms 

3-10 

Mouse Biorhythms 


Invertebrate 

3-12 

Drosophila Pupal 


Biorhythms 


Eclosion 


Plant Biorhythms 

3-14 

A vena Biorhythms 

Genetics 

Vertebrate 

3-15 

Genetics of Morphologic 


Genetics 


Adaptation - Teleost 


Invertebrate 

Genetics 

3-16 

Drosophila Genetics 

Geo sensitivity 

Vertebrate 

3-21 

Body Orientation in 


Geo sensitivity 


Fish 


Invertebrate 

3-22 

Locomotor Responses 


Geo sensitivity 


in Drosophila 


Plant 

3-24 

Root and Shoot 


Geosensitivity 


Tropism - A vena 

Hemodynamic s 

Primate vascular 

3-26 

Circulatory Dynamics 


Dynamic s 


of Primates 

Metabolism 

Vertebrate 

3-27 

Primate Metabolic 


Metabolism 

3-28 

Balances 

Metabolic Rates in 
the mouse 


Invertebrate 

3-30 

Drosophila Enzyme 


Metabolism 


Activity 


Plant 

3-3 1 

Crown Gall 

Morphogenesis 

Metabolism 

3-32 

Metabolism 
Seed and Seedling 
Metabolism - A vena 


Vertebrate 

Morphogenesis 

3-36 

Teleost Development 


Invertebrate 

3-39 

Life Cycle Completion 


Morphogenesis 


in Drosophila 
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Table 4-11 (page 2 of 3) 


Research Objectives 

Research Category 

Representative Experiments 


Plant 

3-40 

Crown Gall Growth in 


Morphogenesis 

3-41 

Weightlessness 
Avena Life -Cycle 
Completion 

Parasitism 

Microbial 

3-45 

Altered Mitotic 


Parasitism 

3-46 

Division Rates in Crown 
Gall Development 
Induced and Spontaneous 
Mouse Leukemia 

Reproduction 

Vertebrate 

3-48 

Human Cell Aging in 


Reproduction 


Tissue Culture 


Vertebrate 

3-49 

Radiation Effects in 


Radiation Effects 


the Primate 


Phase II Experiments 


Behavior 

Invertebrate 

3-4 

Daphnia Behavior 


Behavior 

3-5 

Patterns 

Cockroach Behavior 
Patterns 

Biorhythms 

Invertebrate 

Biorhythms 

3-11 

Cockroach Biorhythms 


Plant 

Biorhythms 

3-13 

Capsicum Biorhythms 

Genetics 

Microbial 

3-18 

Coli Genetics 


Genetics 

3-19 

Lysogency and Genetic 
Phenomena 



3-20 

Neurospora Genetics 

Geo sensitivity 

Plant 

3-23 

Tropic Responses of 


Geo s ens itivity 


Capsicum 

Mo rphog ene sis 

Invertebrate 

3-37 

Head Shape in Daphnia 


Mo rphog ene sis 

3-38 

Sexual and Asexual 




Development in the 
Flatwo rm 

Reproduction 

Invertebrate 

Reproduction 

3-50 

Planerian Regeneration 


Phase HI Experiments 


Behavior 

Invertebrate 

3-7 

Ant Behavior 


Behavior 

3-8 

Dinoflagellate Behavior 

Genetics 

Invertebrate 

Genetics 

3-17 

Amoeba Genetics 
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Table 4-11 (page 3 of 3) 


Research Objectives 

Research Category 

Representative Experiments 

Geo sensitivity 

Cell Geo sensitivity 

3-25 

Human Cell 
Sensitivity 

Metabolism 

Invertebrate 

Metabolism 

3-33 

Dinoflag el late 
Luminescence and 
Photo s ynthe sis 

Mo r pho genesis 

Vertebrate 
Mo r phogene sis 

3-35 

Frog Embryogenesis 
in Weightlessness 


Invertebrate 

3-43 

Amoeba Morphogenesis 


Plant Morphogenesis 

3-42 

Amaranthus 
Germination Potential 



3-44 

Bromeliad Streamer 
Formation 

Parasitism 

Invertebrate 

Parasitism 

3-47 

Endamoeba Life 
Histories 


For convenience, a consolidated list of measurements is shown in Table 4-12. 
This permits the reader to grasp the overall research potential of the total 
program. They are also presented in matrix form in Appendix A. 

In general, measurements required for a comprehensive bioscience laboratory 
are quite similar to those detailed for biomedicine. Measurement equipment 
must often be designed specifically for use in the individual biomodules which 
contain the environmental control and life support units for the subject 
organisms. There is less commonality of equipment than might be expected, 
however, either because health considerations for the crew dictate isolation 
of equipment or because the circumstances of the bioscience experiments. 

The possibility of animal-borne diseases transmis sable to man, especially 
in the unknown environment of a spacecraft laboratory, suggests that a 
relatively complete separation of human and animal research facilities is 
the most prudent and conservative design approach. 

Certain equipment items which make measurements on body fluids, exudates, 
or excretions which clearly can be utilized for all programs. Similarly 
there are remote measurements such as electrocardiograms, and electro- 
encephalograms which could utilize common equipment, provided separate 
body sensors were employed, but even in these cases it is expected that 
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Table 4-12 


BIOSCIENCE RESEARCH PROGRAM MEASUREMENTS LIST 


General, Environmental Biochemical, Metabolic Plant Physiology 


Air particle count 
Ambient air pC>2# PCO2, pN2 
Ambient temperature 
Background radiation levels 
Body mass 

Chemical trace contaminants 
Cine photography 
Fluid intake (volume) 

Food intake (mass volume) 
Light intensity 
Light microscopy 
Photo mi c rography 
Relative humidity 
Specimen mass 
Still photography 
Time lapse photography 


Animal physiology 

Arterial blood pressure 
Blood flow 
Body fat 

Body temperature 
Bone density 
Brain temperature 
Capillary blood flow 
Cardiac output 
Electroencephalography 
Electromyography 
Electrooculography 
Ergometry 

Expired air pC>2, pCO^ 
Galvanic skin response 
Heart rate 

Intracranial pressure 
Lean body mass 
Metabolic rate 
Radiation dose 
Respiratory rate 
Skin temperature 
Total body water 
Venous pressure 


Blood bicarbonate 
Blood hematocrit 
Blood hemoglobin 
Blood plasma volume 
Blood RBC mass 
Blood total nitrogen 
Blood urea nitrogen 
Blood volume 
Plasma albumin 
Plasma globulins 
Serum calcium 
Serum chloride 
Serum creatinine 
Serum phosphorus 
Serum potassium 
Serum sodium 
Urine acidity 
Urine calcium 
Urine creatine 
Urine creatinine 
Urine microscopic 
examination 
Urine osmolality 
Urine pH 
Urine phosphorus 
Urine protein 
Urine steroids 
Urine sugar 
Urine total nitrogen 
Urine volume 

Animal/ Plant Behavior 

Behavior performance 
Biological rhythms 
Body orientation 
Development 
Gross body activity 
Reproductive behavior 


Embryo / plant 
development 
Germination rate 
Luminescence 
Photosynthesis rate 
Tropisms 

General Biological 

Chromosome analysis 
Growth rate 
Metabolism rate 
RNA/DNA kinetics 

Biochemical, Metabolic 

Fecal calcium 
Fecal mass 
Fecal nitrogen 
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schedules and crew availability may require a certain redundancy. A more 
detailed analysis of these commonalities is presented in another section of 
this report. 

4. 3. 5 Equipment Requirements^ 

Bioscience equipment requirements fall into two broad categories. The first 
of these is equipment for the housing and care of the biological organisms: 
"Organism Environmental Control/ Life Support Modules. " Included in this 
category are the systems and subsystems required for the modular organism 
EC/LS housing configurations. The second equipment category encompasses 
a broad range and variety of analytical instruments, the need for which 
depends on the degree of sophistication of the measurements and observations 
to be performed. The need for these analytical instruments will also depend 
upon the results of engineering tradeoff studies concerning biological sampling 
rates, in-flight analyses of samples, in-flight storage of samples, and return 
of samples for terrestrial laboratory analyses. Equipment in the two categories 
is listed in Table 4-13. Brief descriptions of each item are provided in 
Section 7. 

In the EC/LS equipment category, the SO plant and animal experiments could 
be housed in 20 modular housing enclosures ranging from special primate 
modules through fish aquariums, insect chambers, and cell-culture containers, 
to plant growth chambers and seed-culture tanks . Not included within the 
context of experiment housing are such general animal -holding facilities as 
cages for backup test animals. All this modular equipment requires support- 
ing research and development technology. Some items are now in the proto- 
type and test stage. Most such equipment has been conceived or designed 
originally as single-flight experiment packages, generally adapted to unmanned, 
near-Earth orbiting satellites. However, with minor modifications, these 
equipment modules can be adapted to a manned orbiting biotechnology 
laboratory, maintaining most of those features which would tend to minimize 
requirements for constant or overly frequent, direct human participation in 
support of the experiment. Such minimum -attention features are highly 
desirable because of the tremendous overall demands expected on the time 
of each scientist-astronaut. 
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Table 4-13 


BIOSCIENCE RESEARCH 
EQUIPMENT LIST 


General Equipment 


Autoclave 

Automatic cell counter 

Automatic plate scanner /counter 

Automatic physiological gas monitor 

Bone densitometer 

Camera, cine 

Camera, plate film 

Came r a , r oil film 

Camera, polaroid 

Camera, video 

Centrifuge, organism 

Centrifuge; refrigerated, high speed 

Clinostat 

Colorimeter 

Dosimeters 

Dry sterilizer 

Drying oven 

Electroanalytical apparatus 

Electrophoresis apparatus 

Ergometer, primate 

Ergometer, rodent 

Freezer 

Gas bottles 

Gas chromatograph 

Histology kit 

Incubator 

Liquid gasses 

Lyophilizer 

Mass measurement device (macro) 

Mass measurement device (micro) 

Mass spectrometer 

Mic romanipula to r 

Microscope, light, compound 

Mic ro s cope, electron 

Microscope, dissecting 

Microtome 

Mixer /shake r 

Polar ographic gas sensors 

Recorder, oscillographic 

Rec order, potentiom etr ic , linea r 

Recorder, voice 


Refrigerator 
Spectrophotometer, IR 
Spectrophotometer, UV-Visible 
Ultrasonic cleaner 
Vacuum desiccator 


Organism EC/LS modules 

Amoeba culture chamber 
Ant growth chambers 
Bacteria chemostat 
Bacteriophage flight package 
Daphnia containers 
Drosophila biorhythm module 
Fish aquarium 
Frog-egg flight package 
Insect chamber 
Mouse calorimetric module 
Mouse reproduction module 
Planaria container 
Plant growth chambers 
Pocket-mouse ECS module 
Primate calorimetry module 
Primate godesic module 
Seed germination tank 
Seedling culture tank 
Tissue culture module 
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The various systems planned and under development for the EC/LS housing 
modules involve at least 50 subsystem equipment items, most of which are 
clustered or configured into automated packages. Thus, measuring equip- 
ment for monitoring animal bioelectrical signals such as ECG, EEG, EOG, 
EMG, ZPG, GSR, temperatures, and pressures can be condensed into 
biotelemetry packages. The primate automated hemodynamic subsystem is 
comprised of several components, including optical densitometers , a 
refractometer, a mechanical drive pump, and a infusion/withdrawal syringe. 

A matrix chart (Appendix A) shows the type of subsystem equipment required 
by each of the organism EC/LS modules. Although the commonality of a type 
of subsystem is apparent, this does not imply the commonality of a specific 
subsystem design. Clearly, the nutrient supply and dispenser for a mouse 
reproduction module will bear no resemblance to the same subsystem for a 
flatworm container. On the other hand, a temperature -control subsystem 
will have broad application. 

Finally, the general analytical and analytical support equipment consists of 
approximately 50 items, including several sophisticated spectral-analysis 
instruments requiring further development for space-flight rating. The 
equipment associated with each of the experiments is shown in Appendix A. 
Various combinations and condensations of these instruments, based on 
certain shared principles and/or components, have been suggested. It may 
not be feasible to include certain of the suggested instruments for the earlier 
orbiting laboratory flights. The chief instrument in this questionable category 
is the electron microscope, which has large voltage requirements. If 
electron microscopy analyses are not included as a part of early orbital -flight 
experiment performances, the requirements placed on such equipment items 
as the microtome and histology kit will be considerably less, because ultra- 
thin tissue sections will not be needed. 

Keen visual observations and a laboratory notebook can, of course, replace 
a large category of equipment items, such as TV, movie, and Polaroid 
cameras. But the time requirements placed on the astronaut-scientist as 
observer will increase enormously without such image recorders. 
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4.4 LIFE SUPPORT AND PROTECTIVE SYSTEMS RESEARCH 

The basic goal of this research, both in Earth and manned Earth-orbiting 
laboratories, is to advance the technology that supports man during long 
exposures to the space environment. This study has concerned itself with 
that research which, when performed in the unique environment of an orbit- 
ing laboratory, will contribute to reaching this goal. Identification of require- 
ments was accomplished in the same manner as previously discussed. 

However, whereas research goals, objectives, and categories had been 
suggested in the literature in the other areas, in life support and protective 
systems, no similar organized approach was found. The rationale which 
guides the study team in the preparation of the research program is described 
in the following paragraphs. 

4.4.1 Research Objectives 

A plan of required research for life support and protective systems was 
structured by first identifying the objectives, information needs, and research 
categories. It became apparent that, because this research was extensively 
concerned with hardware development, the concept of information needs and 
research categories did not provide a natural subdivision of research 
activities. Research was therefore categorized by ,, systems n and the associated 
"functional requirements." 

From the review of the literature and current research and development 
programs, three clear objectives were aimed at "advancing the technology 
of the support of man": 

1. Flight qualification and verification of integrated life support 
systems. 

2. Flight qualification and verification of subsystems and components. 

3. Research in basic technology to advance Items 1 and 2. 

Emphasis was placed on providing closed integrated life support systems 
for manned space vehicles. The degree of closure was determined by the 
capabilities of subsystems and components to regenerate such consummables 
as oxygen and water. The need for this equipment is understood when the 
logistics problems presented by resupply of consummables on long Earth- 
orbiting missions is considered. Other important portions of the system 
were also investigated. 
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The many functional requirements of the systems which are part of an integrated 
system may be satisfied in a variety of ways. For example, in a water 
condenser - separator associated with humidity control, at least eight methods 
have been reported in the literature as being actively investigated or 
recommended for research. Whichever approaches are finally considered 
to be most promising as a result of Earth laboratory research will require 
further testing in the orbiting laboratory. The need for this type of subsystem 
and component testing in the operational environment will make up a large 
portion of the research program in this area. 

Extended mission time calls for increased reliability of equipment. This is 
particularly true of the life support and protective system equipment, since 
the success of the mission depends on its proper functioning. Increased 
functional reliability may be achieved through design and proper maintenance. 
Effectiveness of maintenance may be tested only in space, since only there 
may the man “machine interface be studied in an operational environment. 

Research in basic technology may be conveniently categorized and subdivided 
by identifying it with the life support and protective systems and functional 
requirements which it supports. These subdivisions therefore, provided a 
natural basis for categorizing this research. As in the area of subsystems 
and components, several basic technology problems are associated with a 
functional requirement. The majority of research is concerned with 
physical phenomena, basic to the operation of life support and protective 
systems, about which little is known or understood in the weightless 
environment. 

Results of structuring the life support and protective systems research 
requirements are shown in Tables 4-14 through 4-16. The experiments and 
hardware or test status are discussed in following paragraphs. 

4.4.2 Experiment Selection 

Once the research required in this area was identified and categorized, the 
next step was to select representative experiments which could be analyzed 
for laboratory and support equipment requirements. The ground rule 
followed was that the experiment needed the space environment to provide 
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Basic research and development stage. 

A working prototype subsystem. 

Prototypes have been integrated and tested in a simulator. 

Prototypes have been integrated and tested successfully in a manned simulator. 
Flight-tested in Mercury, Gemini, and/or Apollo. 
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Basic research and development stage. 

A working prototype subsystem. 

Prototypes have been integrated and tested in a simulator. 

Prototypes have been integrated and tested successfully in a manned simulator. 
Flight- tested in Mercury, Gemini, and/or Apollo. 



Table 4-15 (Page 4 of 5) 
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Table 4-16 /Page 1 of 2) 

BIOTECHNOLOGY LABORATORY LIFE SUPPORT BASIC TECHNOLOGY EXPERIMENTS 
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Man-machine interface and/or Life support technological problem that requires the space environment to validate 
design concepts. 

Basic data required in null gravity to substantiate analytical concepts and short-duration low-gravity ground-test 
results. 
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information in basic technology for LS/PS development or to provide flight 
qualification and/or verification of LS/PS hardware, either as an integrated 
system or at the subsystem and component level. 

Review of current and proposed research resulted in identifying 58 representa- 
tive experiments. Relatively few specific descriptions were found in the 
literature. Most of representative experiments described in this study were 
conceived by the study team to reflect the research experiments previously 
identified and the suggestions of the many scientists in this field. The 
representative experiments associated with each objective are shown in 
Tables 4-14 through 4-16. Brief descriptive information for each experiment 
is provided in Volume II. The experiment descriptions were prepared only to 
the level that permitted definition of major measurement and support equip- 
ment items. A summary of the total power, weight, volume, crew, and 
mission requirements is given in Section 5. 

The several design approaches to a functional requirement mentioned earlier 
are recognized in the experiment list. For instance, the single representative 
experiment associated with trace -contaminant control covers four approaches. 
The laboratory requirements described for this experiment will permit 
research using any of those four methods. It is not implied that all four 
methods be investigated simultaneously, although this would of course provide 
distinct advantages. The particular method investigated in any specific 
mission program will depend on the extent to which it has been carried on in 
Earth laboratories. 

A spinoff result of the study of experiment activities for the life support and 
protective systems research program was the production of information on the 
development or test status of equipment in each category. Inasmuch as this 
information will be useful to program planners, it is included in the research 
program tables. It was found that design concepts and hardware development 
could be described by five status levels: 

1. Basic research and development. 

2. Working prototypes 

3. Prototypes integrated and tested in a simulator. 

4. Prototypes integrated and tested successfully in a manned simulator. 

5. Prototype flight-tested in Mercury, Gemini, and/or Apollo. 
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Much of the hardware now at Levels 1 and 2 may eventually be tested in a 
manned space-cabin simulator. Thus, new hardware could potentially reach 
Level 4. If this occurs, many of the experiments which have been described 
could be designed using the more advanced concepts. Typical life support 
subsystems that could fall into this category are those different functional 
methods for water recovery, oxygen recovery, waste management, and 
electrolysis that are listed as potential candidates in the experiment list. 

For example, water recovery from urine by vapor pyrolysis, vapor com- 
pression, or diffusion still could replace the air evaporation until experiment 
that currently is the only method that reached Level 4. 

4.4. 3 Program Implementation 

The implementation of the LS/PS research program is directly dependent on 
the development of each item of LS/PS hardware and support equipment. The 
information and hardware development need is principally dependent on 
duration, crew size, and vehicle launch dates of future missions. 

Tables 4-17 through 4-19 present a suggested phased research implementation 
program. The experiments proposed for Phase I are the highest priority 
experiments that are necessary to flight-verify regenerative LS/PS f s that 
make possible the missions beyond Apollo and involve equipment furthest 
advanced in development status. For example, Experiments 4-14 and 4-15 
can be used to flight-verify a regenerative molecular sieve for CC >2 removal 
needed to replace an expendable LiOH unit for missions longer than 14 days. 
Other high-priority LS/PS experiments in Phase I include those that permit 
the flight-verification or qualification of a toxin burner (Experiment 4-16), a 
water -recovery system (4-21), an electrolysis unit for supply 
(Experiment 4-10), and a commode (Experiment 4-24 and 4-25). These can 
be qualified for the space laboratory as separate subsystem experiments or 
as a part of an integrated LS/PS experiment. For example. Experiment 4-1, 
Advanced Integrated Life Support System - I with Priority 1 can be used to 
complete research on one or all of the previously mentioned subsystems. 
Apollo nonregenerative life support would be used as the primary system 
while the new equipment was being qualified. The basic technology experi- 
ments listed will aid in the future development of LS/PS's. The functional 
LS/PS methods for each process are many, as noted in the experiment list 
in Volume II. 
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Liquid transport by 4-52 - Transport of Liquids by Gas Drag 
gas drag 
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❖Any pertinent system or subsystem experiment that is now in a hardware status of 1, 2, or 3 that 
attains a 4 rating at least 2 years before experiment must be made available; also basic technology 
Priority 2 experiments, 

^Subsystem can be included in an integrated experiment, 

Basic technology experiment can be included with a subsystem or integrated system experiment. 
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4 rating at least 2 years before experiment must be made available. Also, basic technology Priority 
2 experiments not listed in Phase I and II. 



The Phase II experiments given in Table 4-18 list more advanced LS/PS*s 
that are not as far along in development as those in Phase I. Additionally, 
Priority 2 basic technology experiments that are needed to support future 
development are given. Under normal funding conditions, the time required 
to bring a new LrS/PS subsystem from the working prototype stage to the level 
of having been proven feasible as an integrated unit in a manned space - 
laboratory simulator would be from 3 to 5 years. Several more years could 
be needed to provide a flight -qualified unit developed from prototype equip- 
ment test data that have been evaluated in the manned simulators. 

Experiment 4-1, Advanced Integrated Life Support System - I, must be 
flight-verified or qualified before Experiment 4-2 can be changed from 
Priority 2 to Priority 1. Additionally, before an LS/PS experiment can 
become a reality, it should at least reach hardware status Level 4 before 
considering building a flight-type, flight-weight system to be used as an 
experiment. The reasoning, of course, is that the system should have proven 
itself at least as a prototype on the ground before the cost of building a 
flight unit and testing it as an experiment on board a spacecraft is expended. 
Once Experiment 4-1 is qualified, then it can become the biotechnology 
laboratory baseline system for future tests of more advanced life support 
system experiments. The experimental systems, when proven, can be used 
for future spacecraft. Once other LS/PS ! s have reached Level 4 they could 
also be developed into flight -type equipment and flown as "piggyback" 
experiments while the baseline EC/ LS is used for primary support until the 
more advanced system has been qualified. The basic technology experiments 
given in Volume II may be completed as part of (1) an integrated life support 
system test, (2) a subsystem test, or (3) as a separate piggyback experiment. 

Table 4-19 lists many experiments that require a longer research and develop- 
ment lead time as well as others that could be conducted as a Phase III. 
Experiments not performed as part of Phases I and II could be added into a 
Phase III program. The implementation program previously discussed will 
require reconfiguration and refinement once a firmer LS/PS experimental 
program has been developed and approved by the scientific and engineering 
communities. 
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It is interesting to note the 28 of the 29 subsystems and component-level 
experiments could be conducted piggyback in a 1 -year period with a power 
level of less than 600 W. The 29th, airlock pumpdown experiment, requires 
up to IkW. The total weight of the experiment test specimens is approxi- 
mately 1, 600 lb. Only one crew member at a time is needed to support 26 of 
the 29 experiments for 16 hours a day of testing. Two crewmen at a time are 
required for the other three experiments. The testing period for the three 
experiments would be 4 hours/day for a 5 -month period. The only pacing 
item that is required to complete the above is the experiment and support 
equipment availability as a function of vehicle availability and launch date. 
Those LS/PS experiment requirements that would vary with crew size were 
designed for a one-man crew to obtain the above power and weight values. 

Only one type of LS/PS at a time was assumed to be used for each functional 
method. The power levels and weight values for an LS/PS scaled for larger 
crews will also provide a practical experimental package. The weight, power, 
and volume values for these larger crews may be approximated by using the 
information given in Volume II. 

4.4.4 Measurement Requirements 

Knowledge of the measurement capability of a research facility is an asset in 
planning research which digresses from that upon which the facility design 
is based. Changes in anticipated activities may occur for a variety of reasons. 
A list of the measurements required by the life support and protective systems 
research described in this document is given in Table 4-20. Two categories 
of measurements are listed: those which apply directly to the performance 
of equipment under test and those which are general in nature. 

Additional information is provided by the matrix charts in Appendix A, which 
show the commonality of the measurements. The most important and common 
measurements include pressure, temperature, power requirement, humidity, 
dew point, flow rates, time, gas composition, quantities of materials, water 
potability, leakage, metabolic output, velocity, and several other items. The 
data presented in the tables indicate the commonality of measurement type 
that exists for the presented LS/PS experiments as well as many specialized 
measurement requirements. These measurement requirements are 
representative of those for the type of LS/PS experiments that could be 


11 



Table 4-20 


LIFE SUPPORT AND PROTECTIVE SYSTEMS 
RESEARCH MEASUREMENTS 


Equipment Performance Measurements 

Abs orbti vity / emi s s ivity 

Absorption rate 

Boiloff rate 

CO 2 removal rate 

Condensation rate 

Contaminant level 

Density 

Dew point 

Diffusion rate 

Efficiency or effectiveness 

Electrical conductivity 

Flow rate 

Friction/ drag 

Gas composition 

Gas flow distribution 

Gas generation rate 

Heat requirement 

Heat transfer rate/heat balance 

Humidity 


Leakage 

Liquid composition 
Performance data 
pH and oxygen demand 
Power level 
Pressure 
Reflective index 

Reliability and maintainability data 

Surface tension 

Surface finish 

Temperature 

Time 

Use or delivery rate 
Vacuum requirement 
Viscosity 
Water conductivity 
Water - removal rate 
Wetting angle 


General Measurements 

Acceleration 

Amps 

Biomedical monitoring 
Burning rate 
Centrifugal force 
Chemical analysis of liquids 
Chemical contaminants 
Comfort criteria 
Damping 

Debris generation 
Diet 

Food storage and preparation 
Food and water use rate 
Ignition time 
Ionized radiation 


Metabolic rate 
Microbial contaminants 
Mobility 

Motion characteristics 
Motion picture 
Orientation 
Palatability of food 
Surface shapes 
Total energy 

U r ine /blood /biological sample s 
Velocity/ velocity profile 
Volts 

Waste generation rate 
Water generation rate 
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Table 4-21 


LIFE SUPPORT AND PROTECTIVE SYSTEMS RESEARCH 
EQUIPMENT REQUIREMENTS 


Performance Measurements Equipment 

Bubble chamber 
CO 2 sensor 
Dew point meter 
Diffusion columns 
Flowmeter 

Friction measuring device 
Gas chromatograph 
Humidity sensor 
Infrared spectophotometer 
Integrated reflectometer 
Liquid gaging unit 

General Support Equipment 

Accumulator/holding tanks 
Accelerometer/ velocity meter 
Animal housing 
Biomedical equipment 
Biomedical monitoring equipment 
Carbon bag 

Chemical/microbial laboratory 

Comfort simulator 

Crew hygiene protection system 

Crew special restraints 

Cryogenic supply 

Debris disposal/ container 

Dielectrophorese device 

Dosimeter 

EC/LS back pack 

Emergency backup EC/LS 

Ergometer 

Fire detector 

Fire extinguishing agents 

Gas compressor 

Gas liquid separator 

Hand pump 

Heating element 

Ignition device 

Illumination device 

Isotope heater 

Leak detector 

Liquid container /tank 

Log book 


Mass spectrometer 
Metabolic measuring device 
Optical density sensor 
Optic ad pyrometer 
Oscillograph 
Pressure sensor 
Reference background grid 
Shadowgraph 
Temperature sensor 
Timer 


Microscope 
Movie camera 
Orientation device 
Photo cell 

Plastic squeeze container 

Plumbing purge unit 

Porous plate water separator 

Pressure controller 

Pretreatment unit 

Pumps, fans, and blowers 

Pyrex flask 

Radiation laboratory 

Radioisotope shielding 

Refrigerator 

Solid/gas separator 

Special animal sampling equipment 

Special clothing /space suits 

Special space radiator 

Still camera 

Stiring unit 

Test container with bladder 

Test food/water dispensers 

Te the r / u mb ilicals 

Tools for maintenance and repair 

Transport container 

Vacuum cleaner 

Watt/volt/amp meter 

Work bench 

Zero gravity scale 


79 


performed in a space laboratory. The most prominent measurements 
requirements are those needed to evaluate operational performance and 
reliability, as would be expected. 

4.4.5 Equipment Requirements 

Only a few of the 71 support equipment items necessary for the measurements 
required for the 58 LS/PS experiments have been fully developed for space 
flight application. The list of equipment is given in Table 4-21. Two 
categories of equipment are shown: performance measurement equipment 
and general support equipment. Matrixes of representative support equip- 
ment for each of the 58 LS/PS experiments that could be performed in a 
space laboratory are presented in Appendix A. The data presented in the 
tables indicate support equipment commonality that exists between LS/PS 
experiments as well as specialized equipment requirements. The equipment 
accuracies, weight, power, and volume requirements given were estimated 
using existing commercial technology as a guideline, except where informa- 
tion on flight-type equipment was available. The equipment description 
summaries indicate that a minimum of flight-type experiment-support 
equipment exists. This stresses the importance for the future development 
of flight-type support equipment for approved high-priority experiments. 

The support equipment for measuring many of the more simple LS/PS opera- 
tional performance characteristics appears to be available or under develop- 
ment. These support equipment items include pressure sensors, temperature 
sensors, CO^ sensors, flowmeters, and watt meters. However, items such 
as gas analysis devices, water -potability analysis equipment, leak-detection/ 
location devices, dew pointers, integrating reflectometers, optical density 
sensors, optical pyrometers, and other similar equipment included in the 
71 support equipment items listed in Section 7 are not available and must be 
developed in conjunction with the experiments they support. It is estimated 
that 90% of the different types of support equipment required to complete the 
experiments must be developed. A description and status summary is given 
in Section 7 for most of the support equipment items required to make 
measurements. 
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Section 5 

BIOTECHNOLOGY LABORATORY SUPPORT REQUIREMENTS 

The biotechnology laboratory portion of a manned Earth-orbiting space 
station consists of the facilities and areas in the space vehicle in which 
research in the life sciences is conducted. The extent of those facilities, 
and thus the scope of the research which may be conducted in a specific space 
vehicle configuration, will be constrained by the mission objectives and the 
accommodation capabilities of the vehicle. The general nature of the 
requirements which the biotechnology laboratory will impose on any mission 
are discussed in this section. 

As a further aid to planning activities, a summary of the requirements of 
each experiment is provided. Tables 5-1 through 5-4 cover the experiments 
in biomedicine, behavior, bioscience, and life support and protective 
systems, respectively. They are based on the equipment listed for each 
experiment on the Experiment Requirement Summaries which appear in 
Volume II. 

Three points must be remembered when referring to these tables: (1) the 

power, weight, and volume information is based on estimates because, in 
many cases, detailed information concerning individual equipment items is 
not available; (2) the number of crew members involved and the duration of 
an experiment will depend on the protocol defined by the investigator; and 
(3) the requirements for each experiment do not take into account the common- 
alities which will exist in specific mission experiment programs. 

The electrical power shown is the total power required by all the equipment 
associated with the experiment. In reality, it would never be as large as 
shown and would depend on the experiment protocol. The weight and volume 
requirements would be reduced by taking advantage of commonalities. 
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Table 5-1 (Page 1 of 2) 

BIOMEDICAL EXPERIMENTS SUPPORT REQUIREMENTS SUMMARY 
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♦Numbers correspond to those in Volume II. 



O O O O O O LTi 

CO rf N N OJ O vD 


in o o o o o o 

w ^ >o fo n m 


03 03 N n N N N N N 


N N N N N 


\o no 01 Tp r- 


vp >0 sO >0 O t>* 


in ip cn co o © in &■ o o o m co 

O^Tpcn— cr-^-rtrOsO^ ^ O 


m N n oo o ® 

CO co 00 00 

o3 


o m m o ro 


g -fa g 

§ T 3 * 

d o -3 O 

■s « i « 

« « 2 ij 

>2 2 £ 2 

5 >• I" .S 

rt £? J 5 

a a) * o 

<u d rf »h 

«{ « o a* 


d so 8 

ffl 2 >, ® 

s w i 2 


d ® 5 

o ,3 ” m 
CQ S W fa 


s d S 
y 5 | 


C d x» 

tn « U 

« U d 

rd tj d 

H <Jfa 


j 

si d 

u m >> 

fa £ P 


o 3 co ^ in vp 


Psl CO co CO co CO 


CO CO CO CO ^ ^ 


© -t 03 CO ^ 10 

in m in m m m 


83 


♦Numbers correspond to those in Volume 
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♦Numbers correspond to those in Volume H. 



Table 5-3 (page 1 of 3) 

BIOSCIENCE EXPERIMENTS SUPPORT REQUIREMENTS SUMMARY 
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Table 5-4 (Page 1 of 3) 

LIFE SUPPORT AND PROTECTIVE SYSTEM EXPERIMENTS 
SUPPORT REQUIREMENTS SUMMARY 
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4-19 Advanced Cooling System Methods and Components 30 50 7 2 40 hr/ 

Specimi 

4-20 Integrated Thermal -Control System Utilizing 

Waste Heat and Electrical Energy See 4-3 300** 10** 1 30 

4-21 Water-Recovery Methods and Components 100** 50** 2** 2 30 
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The crew involved in the conduct of the experiments is realistic. However, 
in the bioscience experiments, because crew involvement will depend on the 
degree of automation provided and on the final experiment protocol, no 
attempt was made to estimate the requirement. 

The "duration 1 ' for biomedicine and behavior is the time required on each 
occasion to make the observations. The experiments are expected to be 
performed throughout the mission. This time might be shortened as a result 
of the observations. The duration of the bioscience and life-support system 
experiments is the length of mission time required to obtain meaningful 
results. 

5. 1 LABORATORY EQUIPMENT COMMONALITIES 

The description of common requirements for items of equipment was pre- 
pared for two reasons: (1) to facilitate the planning of research programs 

to maximize the utilization of the laboratory facilities (2) to guide research 
and development planners to the equipment which should receive earliest 
attention. The matrix charts in Appendix A describe the equipment common- 
alities within each research area. The commonalities across the four 
research areas are shown in Table 5-5. In a more detailed analysis of 
common equipment applications such as will be possible with a defined set of 
research objectives for a space mission, it will be necessary to consider 
the measurement ranges required by the various experiments which use a 
particular type of equipment. Typical of this problem are the spectro- 
photometers required by the biomedical and the bioscience research programs. 
Both areas require a unit which makes optical density measurements in the 
wavelength range of 200 to 700 m|j.. However, bioscience has a requirement 
for a unit which makes measurements in the range of 2. 5 to 3. 5 p . 

One common requirement not shown in the charts is that of animal life 
support systems for the bioscience and biomedical research programs. 

Whether or not the same animal subject may be used for more than one experi- 
ment will of course depend upon the nature of the research. Their life 
support systems impose large demands on the space -station resources; there- 
fore, research in both areas should be conducted if an animal facility is to 
be installed. 
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Table 5-5 

BIOTHECNOLOGY LABORATORY COMMON REQUI REMENTS 


Equipment 

Research Area 

Bioscience 

Biomedicine 

Behavior 

LS/PS 

Torque -f o r c e apparatus 


X 

X 


Human centrifuge 


X 

X 


Ergometer 


X 

X 

X 

Electroenecephalo graph 


X 

X 

X 

Electrocardiograph 


X 

X 


Electromyograph 


X 

X 


Calorimeter, respiratory 


X 

X 


Animal housing and support 

X 

X 


X 

Voice recorder 

X 

X 

X 


Still camera 

X 

X 

X 

X 

Motion picture camera 

X 

X 

X 

X 

Film-processing equipment 

X 

X 

X 

X 

Slide -straining apparatus 

X 

X 


X 

Bacterial culture equipment 

X 

X 


X 

Automatic cell counter 

X 

X 



Frozen storage unit 

X 

X 



Autoclave 

X 

X 



Incubator 

X 

X 


X 

Dry heat sterilizer 

X 

X 



Lyophilizer 

X 

X 



Radioactive tracers 

X 

X 



Gas chromatograph 

X 

X 


X 

Mass spectrometer 

X 



X 

Mass -measurement device 





(macro) 

X 

X 


X 

Mass -measurement device 





(micro ) 

X 

X 


X 

IR spectrophotometer 

X 

X 


X 

UV -Visible spectrophotometer 

X 

X 



pH Meter 

X 

X 


X 

Fluid -handling equipment 

X 

X 


X 

Centrifuge , clinical 

X 

X 



Radiation dosimeter 

X 

X 




5. 2 ELECTRICAL POWER REQUIREMENTS 

The review of the electrical power requirements of the experiment or 
laboratory equipment has indicated that, in general, nominal power loads not 
exceeding 0. 5 kVA for a single experiment may be expected. Furthermore, 
this load will only occur if all the measurement equipment associated with 
an experiment is operated simultaneously. In mpst cases, equipment 
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operations will be programmed to minimize instantaneous loads. The major 
exception to this low power demand of intermittently operated equipment is 
the operation of the human centrifuge. During periods of positive accelera- 
tion, this device may be expected to impose a load of approximately 5 kVA. 
Even this load will be acceptable with appropriate management of the electrical 
power system. 

The operation of life support modules for experiment subjects required by 
biomedical and bioscience research will impose continuous loads. In the 
case of primates, these loads are in the order of 2. 5 kVA. Loads of this 
magnitude must be identified and imposed as a requirement upon the design 
of the electrical power system for a space station. 

5. 3 DATA MANAGEMENT 

If it is assumed that experiments are timelined to permit reasonable schedules 
and to provide programs for contingency rescheduling, the process of bio- 
logical measurements cannot be considered a technological problem. Neither 
does the imposition of such practical constraints as operation with existing 
space -station equipment and within present range limitations, tend to alter 
these assertions to any marked degree. 

This fortunate condition occurs because of two major factors. First, bio- 
logical functions occur or change at a slow rate compared to most electrical 
or mechanical functions, and it is the rate of change or response time of a 
measurement that is a limiting quantity in determining whether a measure- 
ment may be accommodated on a given transmission link. The second 
factor, in part resulting from the first, is that the amount of data which 
must be processed and relayed to the ground is not particularly large nor is 
the arrival of data urgent. 

5. 3. 1 Data Requirements 

A review of the experiments and equipment recommended in the present study 
provided the source data for Table 5-6. It was determined that most param- 
eters, consisting of position, pressure, temperature, rate, and event 
measurements, fall into the frequency range of less than 2-cps. Although 
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many were placed in this range because of inherent low-response character- 
istics, a number of the measurements in their raw form had considerably 
wider bandwidths. However, the nature of the desired outputs were of a 
form which would allow use of such signal -conditioning and conversion 
devices as log counters which would reduce bandwidth requirements. 

Table 5-7, generated during a previous study, illustrates the case in handling 
data of this nature. Although test times for all technologies that were run on 
a random day were comparable, the number of bits resulting from the behav- 
ioral science experiments was less by several orders of magnitude than the 
number deriving from experiments in other technologies. 

5. 3. 2 Data Handling 

The analog parameters in Range 1 are currently being sampled at a rate 
between a theoretically possible 2 to a maximum of 10 samples /cycle before 
being quantized. The number of bits per sample range from 4 to 10 or 
greater, depending on the desired accuracy of the measurement involved. 

The encoded data are then gated by the data-acquisition subsystem pro- 
grammer, together with words obtained in digital form, to produce a serial 
bit stream. Rates for this serial data, if compatibility is to be maintained 
with the Manned Space Flight Network (MSFN), are 1. 6 and 51. 2 kbits /sec. 

These rate limitations account for the "degree of difficulty" figure attached 
to parameters falling into Range 3. The rating of 3 results not from any 
real difficulty in processing the data but from the impact on system capa- 
bility if many such measurements are made. For example, 5 measurements 
at 1, 000 cps, encoded to 8 bits /sec produce a serial rate of 40 kbits /sec 
absorbing 80 percent of the system capacity. If the number of channels to 
be handled is such that this percentage cannot be allocated, a new system 
utilizing subcarrier oscillators for the high-response measurements must 
be carried. 

New PCM equipment, now coming into general use, has overcome these 
channel and rate limitations by incorporating flexible formatting which, 
simply stated, permits only those measurements to be acquired that are 
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Total run time = 10 hr 
Total bits = 9.4 x 10 7 , 

Transmission time (at 1 x 10° bits /sec) = 1. 5 min. 



needed during the experiment in progress. Therefore, although both 
Ranges 2 and 3 indicate FM (subcarriers) as a potential technique, use of 
FM will gradually decrease because of these new PCM methods. 

Data in Range 4 are those required for obtaining a verbal and visual record 
of the manner in which each experiment is performed and also may constitute 
all or part of the experiment information itself. The bandwidth necessary 
for acceptable voice is normally specified to be from 300 to 3,000 cps in its 
analog form. Digital voice specifications vary from 4, 800 to 9, 600 bits /sec 
for a vocoder. It is also possible to sample at slightly greater than twice the 
highest voice frequency and employ straight analog -to -digital conversion at 
6 bits /sample (as planned on the Manned Orbiting Laboratory) which results 
in a considerably higher rate. The signal, whatever its form, may then 
amplitude- or frequency -modulate a carrier or subcarrier. To reduce the 
amount of data accummulated, space -station recorders should be voice- 
operated. They should be of the cassette type and provide 60 min. of 
storage. 

Visual data may be in the form of still photographs, movies, or television. 

If photographic data are retained in their original form, and returned at the 
end of the mission or during the mission with data recovery capsules (indi- 
cated as satisfactory by investigators), the question of transmission does 
not arise. However, should transmission of film frames be required 
because of some unforeseen circumstance,' electronic scanning with use of 
cathode ray tubes and photodiodes becomes necessary and rates may become 
exceedingly high. For example, if a resolution requirement of 100 lines /mm, 
35 mm^ film, and an analog -to -digital conversion ratio of 5 bits /sample are 
assumed, 6. 2 x 10 7 bits are generated. It becomes readily apparent that if 
very many frames must be sent and the data are not operated upon with use 
of data-compression algorithms, a somewhat impossible communications 
problem may develop. 

The return of television signals presents a somewhat analogous situation in 
that the amount of information generated is a function of frame rate and 
resolution. Typical video bandwidths range from 70 kHz used for telescope 
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pointing, to 500 kHz on Apollo, to 3 MHz for commercial TV, to 10 MHz 
for high -resolution industrial systems. Obviously, video greater than 
500 kHz will present a serious problem on the MSFN. 

5. 3* 3 Existing Data Facilities 

As previously indicated, the MSFN unified S -band will accommodate PCM 
data at a maximum rate of 51. 2 kbits /sec. Seven subcarriers normally 
used for EVA biomedical monitoring with center frequencies of from 4 to 
12 kHz spaced 1. 4 kHz apart may be calculated to handle signals with 
response requirements of from 70 to 175 kHz each, depending on the degree 
of error that can be tolerated. Three additional subcarriers with center 
frequencies of 65, 95, and 125 kHz provide data bandwidths of 1. 95 kHz, 

2. 85 kHz, and 3. 75 kHz, respectively. Finally, there is the 500-kHz 
bandwidth capability achieved by directly modulating the FM transmitter 
carrier and the 300-kHz to 2. 3-kHz voice channel which modulates the 
1. 25 -MHz voice subcarrier. These facilities, when compared with require- 
ments, appear to be satisfactory. 

5. 4 ATTITUDE CONTROL REQUIREMENTS 

Only in two research areas have research activities been found which will 
affect the space station attitude control system. Many of the bio science 
experiments have indicated the desirability or necessity of gravitational 
fields in the order of 10"^ g, if meaningful data are to be obtained. The 
operation of a human centrifuge will perturb the stability of a space station, 
thereby requiring attitude -control compensation. The remainder of the 
research may be conducted in the normal operational status of the space 
station stability. 

It appears impractical to ensure the low gravitational field requirements of 
the bioscience experiments on a manned space station. Although the desired 
low levels may be experienced briefly, many random disturbances will 
occur. Crew movement alone will produce changes. Operational require- 
ments of the mission for attitude changes and attitude and pointing require- 
ments of other research such as astronomy or Earth resources, will 
similarly affect the g-levels. In recognition of these facts, two solutions 
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have been proposed if the requirement cannot be relaxed in a manned space 
station. The first is a bioscience module within the space station which is 
isolated from the perturbations described above. The second is a separate, 
independent module operated in conjunction with a space station and visited 
periodically by the crew. Both of these solutions require large development 
programs and disturbing forces would still be exerted during crew 
observations. 

Unless compensated for, centrifuge operation can significantly affect the 
spacecraft attitude hold, rate stabilization, and orientation. The most 
efficient means of eliminating the centrifuge effects is by use of such 
momentum storage devices as control moment gyrds (CMG’s). CMG's are 
primary control actuator candidates for intermediate, long-term space 
station configurations. These actuators have the desirable characteristics 
of linear control for attitude performance and momentum storage for the 
cyclic disturbances. To provide control for centrifuge operation, the CMG's 
provide an angular momentum vector which negates that of the centrifuge. 
Hence, the CMG size and configuration must include the angular momentum 
of the centrifuge and that defined for the mission requirements. For high-g 
centrifuge operation, such as a re-entry profile, the CMG size may become, 
for practical design, too large. Control for this case would be provided by 
the reaction jets. 

5. 5 ENVIRONMENTAL CONTROL REQUIREMENTS 

The life sciences research program will not impose special requirements 
on the space -station environmental control system. The separate life 
support modules for experiment subjects, while in general requiring special 
atmospheres, will be closed systems. Isolation of the area in which these 
facilities are located may be required to prevent contamination of the cabin 
atmosphere. In this situation, special provisions would be required to 
supply cabin atmosphere to the area. Similarly, the area in which fluids 
are handled may require isolation. However, as mentioned above, this 
isolation is not required by the research, and it is possible that the design of 
the life support modules and fluid handling facility will remove the need 
for isolation. 
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5. 6 CREW SKILLS REQUIREMENTS 

The contributive role to be played by scientist-crew members Who are 
specialists in the various space-station experiment protocols has been 
described in several documents. (See Bibliography) The necessary or 
desirable crew skills associated with the research activities considered in 
this study reinforces those recommendations. 

Results of this study and of others (e. g. , NASA MOL and MORL) indicate 
that the primary skill classifications required would include the following*, 
physician, microbiologist, biochemist, and physiologist to conduct, analyze, 
and interpret experiments, and an electromechanical engineer to maintain 
equipment and to conduct the LS & PS research. 

An on-board physician would greatly enhance experiment capability through- 
out the mission. A major contribution would be to evaluate and interpret 
data as it is gathered and to recommend changes in experiment content and 
protocol. Further, he could supervise preliminary biochemical analyses 
on-board and thereby eliminate samples which do not show significant change. 
Samples which do indicate change would be stored on-board and analyzed in 
more detail on the ground. Detailed on-board analyses are not considered 
feasible for the 1971 time period because neither appropriate procedures 
nor flight-rated equipment will be completely developed. Furthermore, 
detailed analysis is costly in terms of crew time and other station resources. 
For the NASA MOL, approximately 3 hours /man/day were required for a 
6-man crew to perform a comprehensive biomedical -behavioral experiment 
program. This estimate was based upon having a physician available to 
supervise and evaluate the program. 

The primary skills mentioned above are definable at three levels: technician, 
general scientist, and specialist, with the latter requiring the most training 
and experience. The technician's role would be primarily to operate and 
maintain equipment; the general scientist would analyze and interpret data; 
the specialist would be responsible for evaluating the overall progress of the 
specified portions of the experiment program, make decisions, and redirect 
the program as required. 
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It is suggested that the crewmen for the biotechnology laboratory be 
selected largely from the current astronaut pool. With the possible excep- 
tion of the physician, physiologist, and biochemist, it should not be 
necessary to select astronauts with specific academic backgrounds; instead 
they could be trained in the procedures of conducting, observing, and 
serving as subjects. The extent of cross-training required of analytic and 
diagnostic skills cannot be defined until experiments are detailed and 
scheduled and crew size is established. It is anticipated that the physician 
would have the overall responsibility for the experiment program. 
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SECTION 6 

SUPPORTING RESEARCH AND TECHNOLOGY REQUIREMENTS 


The need for a large research and development program of laboratory 
equipment was well known before this study was undertaken. The specific 
items of equipment which are applicable to life sciences research and which 
require development have been identified in this study. The Equipment 
Description Summaries in Section 7, include brief comments concerning the 
development requirements of each item of equipment. However, to facili- 
tate the evaluation of the SRT program requirements, the items of equip- 
ment have been categorized according to their development status. The 
development status categores are first, currently available equipment 
requiring little or no adaptation; second, equipment currently under develop- 
ment; and finally, equipment requiring development but for which no develop- 
ment program could be identified. The laboratory equipment requirements 
of each of the areas of biomedical and human research, behavioral research, 
bioscience research, and life support and protective systems research, are 
listed in Tables 6-1 through 6-4. It should be noted that the lists do not 
include life support modules for animal or other organism experiment sub- 
jects or items under test in life support and protective systems research, 
since the need for these will depend on the experiment programs selected, 
and they will be a part of the experiment development. This is discussed 
in a later section. 

The breadth of application of equipment items will be an important consider- 
ation in the selection of items which are to receive emphasis in the research 
and development programs. The information concerning the commonality of 
equipment listed in the tables will be of assistance in the selection process. 
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Table 6-1 

BIOMEDICAL RESEARCH EQUIPMENT 


Available Equipment 

Electrocardiograph 

Electroencephalograph 

Erogmeter 

Gas flowmeter 

Hemoglobinometer 

Ophthalmoscope 

Under Development 

Aerosol particle analyzer 
Ballistocardio graph 
Arterial pressure recorder 
Automatic cell counter 
Bone densitometer 
Carotid cuff 
Muscle dynamometer 
pH meter 
Plethysmograph 
Scintillation counter 
Spectrophotometer 
Chemical analyzers 

No Development Underway 

Autoclave 
Ca r diota chomete r 
Clinical centrifuge 
Plethysmographic goggles 
Humidity recorder 
Manometer recording 


Otoscope 

Phonocardiograph 
Limb pressure cuffs 
Specific ion electrodes 
Temperature recorder 
Therimisto r 

Tilting motion chair 

Human centrifuge 

Endo radio sonde 

Gas chromatograph 

Impedance cardiograph 

Lower -body negative -pres sure device 

Large mass measurement 

Small mass measurement 

Nystagmo graphic goggles 

Oscillo scope 

Ear oximeter 


Light microscope 
Nebulizer chamber 
Nitrogen analyzer 
Osmomete r 
Phoropter 

Whole body volumeter 
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Table 6-2 

BEHAVIORAL RESEARCH EQUIPMENT 


Available Equipment 

Audio tape recorder 
Movie camera 
Still camera 
Video camera 

Equipment Under Development 

Metabolic monitor 

Torque -force apparatus 

Standard dexterity apparatus 
depth percep.to meter 

CRT and other displays 

Display-a ssociated controls 

Equipment Not Now in Development 

Veridicality test 
Ortho rater 


Accelerometers and recorders 
Color plates 
Pure tone source 


Analog Recorder 

Critical flicker fusion (CFF) source 
EMG sensors and recorders 
GSR and EEG sensors and recorder 
Er gome ter 

Noise and vibration source 


The measurement range of an item of equipment may vary from experiment 
to experiment. It is important that equipment developed in response to a 
common requirement cover all the measurement ranges required. In this 
regard, it is recommended that measurement ranges required by potential 
future applications of the equipment also be provided for in the development. 

It is recognized that there are several methods by which some measurements 
may be accomplished. This study did not examine the variety of approaches. 
The equipment shown for a specific measurement was based on current 
practice within Earth laboratories or on planned space research activities. 

It is recommended that the variety of techniques and equipments for making 
a measurement be examined in depth as part of a development program. 

Some of the factors to be considered are efficacy of the method, degree of 
difficulty to calibrate and operate in the weightless environment, reliability 
and maintainability, data output format, and resources demands. 
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Table 6-3 

BIOSCIENCE RESEARCH EQUIPMENT 


Available Equipment 

Automatic cell counter 

Clinostat 

Dosimeters 

Electroanalytical apparatus 
Electrophoresis apparatus 
High-speed oscillographic recorder 
Linear potentiometric recorder 
Mis ce llaneou s 

Equipment Under Development 

Colorimeter 
Gas chromatograph 
Mass spectrometer 
Mass-measurement device (macro) 

Equipment Not Now in Development 
Autoclave 

Automatic plate scanning 
counter 

Bone densitometer 
Colorimeter 
Compound microscope 
Dry heat sterilizer 
Drying Oven 

Electroanalytical apparatus 
Freezer 

Histology kit/ slide cabinet 
Incubator 

IR spectrophotometer 
Isotope tracer equipment 


Movie camera 
Plate film camera 
Polaroid camera 
Radiation shielding 
Radiation source 
Roll film camera 
Video camera 
Voice recorder 

Mass-measurement device (micro) 
Organism centrifuge 
Polarographic CO^ and O 2 sensors 
Primate exerciser/ergometer 

Liquid nitrogen Dewar flask 

Lyophilizer 

Micromanipulator 

Microtome 

Mixer/ shaker 

Refrigerated high-speed centrifuge 
Refrigerator 

Rodent exerciser/ergometer 

Stereoscopic dissecting 
microscope 

Ultrasonic cleaner 

UV-visible spectrophotometer 

Vacuum desiccator 

Veterinary medical kit 
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Table 6-4 

LIFE SUPPORT AND PROTECTIVE SUBSYSTEMS RESEARCH EQUIPMENT 


Available Equipment 

Illumination device 

Aerosol particle analyzer 

MSA indicator tubes and 
hand -pump 

Work bench for maintenance 
and repair 

Tether 

Umbilicals 

EC/LS back-pack 

Special clothing 

Space suits 

Pressure sensor 

Temperature sensor 

Equipment Under Development 

Mass -measurement device 

Total aerosol collector 

Water analysis by total organic 
carbon (TOC) 

Dispersive total hydrocarbon 
analyzer 

Fire detector 

Fire -extinguishing agents 

Optical pyrometer 

Ergometer 

Equipment Not Now in Development 

Mass spectrometer (for trace 
c onta minant s ) 

Calorimeter or Coleman 
spectrometer (junior model) 

Turbiditimete r 


Flow meter 
Accelerometer 
Accumulator 
Holding tanks 
Cryogenic supply 
CO 2 sensor 

Emergency backup EC/LS 
Test container with bladder 
Pressure controller 
Plastic squeeze container 
Heating element 
Orientation device 

Biomedical monitoring equipment 

Metabolic measuring device 

Leak detector 

Radioisotope shielding 

Isotope heater 

Pretreatment unit 

Debris disposal 

Vacuum cleaner 

Solid /gas separator 

Nondispersive IR spectrophotometer 

Gas compressor 

Reflectometer 

Optical density sensor 

Photo cell 
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Since this study addressed itself to the research and equipment requirements 
of the biotechnology laboratory in the space station, the subject of supporting 
ground programs (other than equipment development) was not considered. 
However, one cannot study the research to be performed in space without 
realizing that a large program of research on Earth must precede it. The 
majority of the research in life sciences is aimed at discovering and under- 
standing the effects of weightlessness on the living organism. However, in 
the space laboratory several environmental factors in addition to the 
gravitational field will be changed. To a degree, each of these variables, 
except weightlessness, may be simulated in a laboratory on Earth. There- 
fore, those experiments which would be affected by these variables should 
be conducted in a simulator so that a reference frame will be available for 
interpretation of the results of the experiment conducted in space. This, 
of course, would not avoid the synergism of weightlessness and the other 
factors. The problem of establishing ground controls for the space experi- 
ments is expected to impose large demands for both time and money in any 
space research program. 
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Section 7 


LABORATORY EQUIPMENT DESCRIPTION SUMMARIES 

This section contains a brief description of the major items of laboratory 
equipment which has been identified as a requirement for each research pro- 
gram described in Section 4 of this report. The information was obtained 
from immediately available sources. In instances where this type of infor- 
mation was not available, estimates were made. Tables 7-1 through 7-4 list 
the laboratory equipment required for each research program. 

In several cases, an item of equipment with the same name and function may 
be described in each of the four sections, but generally its performance 
characteristics differ. It is recommended that a wide range of performance 
characteristics be considered when the requirements for equipment of this 
type are defined in a development program so that the resulting design will 
be broadly applicable. 

Such current programs as the Integrated Medical Behavioral Laboratory 
Measurement System (IMBLMS) and the Automated Primate Research 
Laboratory (APRL) have been cited in cases where the equipment being 
developed in those programs is either directly applicable or applicable with 
modification. Commerical equipment now in laboratory use on Earth has 
been referenced to clarify the performance requirements. This type of 
equipment generally will require major modification to make it suitable for 
use in a manned Earth-orbiting laboratory. 
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49. Volumeter, whole body Plastic enclosure for measurement Unknown Not 0. 5 0.1 Used with other gas 

of body volume by gas dilution applicable analyses apparatus for 

technique. Desired accuracy, ±2%. actual determination. 
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Colorimeter Range: 340 to 950 mp Bausch and L/omb 20 10 0.4 Dial readout (no recorder). 

Resolution: 20-mjji band pass. Spectronic 20 For body fluid clinical 

analysis 
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Fraction collection 
system 
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Water dispenser 
Video wide-angle 
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limits of each assembly. 
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(4) One media (spring water) “**“ mission longer than 

chambe r 4-1/2 days , all the 

(5) One fixative — — — — — embryos can be fixed and 

chamber returned up to 2 weeks 

after launch, ) 
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Temperature- Maintains all specimen slides at 

control system 98. 6°F («4°F - 1°F): canister 

(canister is sealed maintains all experiment 

metal enclosure) equipment in a sealed 14. 7-psia 

air environment. 
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Tether 60- £t long, to be attached to Apollo Block II Type Not 5 0. 2 Available from Apollo 

rings on crewman suit waist. applicable and AAP, 
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ster Ranges: 0 to 1,000 mA and Specially miniaturized None 0.5 0.1 Development required. 

0 to 5, 0 to 10, 0 to 50 amps. equipment 

Accuracy ±1% of full scale. 
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500 1.5 0. 5 Modified commercial 

46. Heating element Electrical heating element, ~ hardware may be used 

supplied with a variac to control developing this unit. 

the electric energy input to the 

field. 
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